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INTRODUCTION TO THE AGREEMENT1. 

1.1. DescriQtion of the Project and Its PurQose 

This document contains the details of the Final Project Agreement (FPA) between 
Waste Management, Inc. (WM) and the United States Environmental Protection

Agency (USEPA) for implementing different bioreactor operations at,the Maplewood

Recycling and Waste Disposal Facility in Amelia County, Virginia and King George

County Landfill and Recycling Center in King George County, Virginia. This

document.also contains details ,of the project and the expected benefits of the project.

The general locations of the two facilities are shown on Figure 1. WM's intent to

pursue this project was initially communicated to Ms. Elizabeth Termini of the USEPA

in a letter from the Virginia Department of Environmental Quality (V ADEQ) dated 15

February 2000. As part of the project WM is requesting that USEPA grant regulatory

relief from the requirement of the Resource Conservation and Recovery Act (RCRA)

that prohibits application of bulk liquids in municipal solid waste landfills, as presented

in Title 40 of the Code of Federal Regulations (40 CFR) Section258.28. \ Q.n d c...14-v~/ v t


J/~~~ 

Under this project, bioreactor programs would be implemented at the Maplewood ;-~it.lly"g#1f~.r 
Recycling and Waste Disposal Facility (Maplewood Landfill) and the King George 
County Landfill and Recycling Facility (King George County Landfill). The purposes 
of .implementing the bioreactor programs would be to increase the rate of 
biodegradation in the landfills and to facilitate the management of leachate and other' 
liquid wastes. The primary goal of the project would be to evaluate the relative 
improvement in landfill performance between the two different bioreactors proposed. It 
is.expected that operation of these landfills, as described in this proposal, would result 
in several environmental and cost-saving benefits. It is also anticipated that the 
information obtained will provide the USEPA and the waste disposal industry with data 
supporting .the use of bioreactors as an integral part of long-term operations at these and ~ 
other municipal solid waste (MSW) landfill sites throughout the United States. 

In the remainder of this section, a description~ the facilities is presented,contacts 
for th.eproject are identifi~d, and the organizationl\a .Fin.atProjec~ Agr.eement(FPA) is 
descnbed. In general, this FPA follows the organIzation provIded In the. document 
entitled, "Project XL: Best Practices for Proposal Development" [USEPA, 1999] as 
well as published guidelines for FPA's. The information on Table 1 identifies the 

00.08.01
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location where the specific requirements of the XL Program documents are addressed 
in this application. 

1.2. Description of the Facilitv and FacilitY Ouerations/Communitv/ 
Geoeraphic Area 

The Maplewood Landfill is located in Amelia County, Virginia, approximately 
30 miles southwestof Richmond, Virginia. The landfill liner area will cover a total area 
of about 404 acres upon completion. Construction of the fIrst phases started in 1992. 
Construction of the most recent phase was completed in 1997. The King George 
County Landfill is located in King George County, Virginia, approximately 50 miles 
north-northeast of Richmond, Virginia. The landfill liner area will be cover about 290 
acres upon completion. The first phase of liner system construction began in 1996. 
Construction of additional liner system area has been perfonned every year since 1996. 

Both the Maplewood Landfill and the King George County Landfill were 
constructed having .geomembrane double-liner systems, with primary leachate 
collection and leak detection (secondary collection) layers. The liner systems for the 
two landfills are illustrated on Figure 2. Because these landfills were constructed 
having double-liner systems, they provide a high level of protection to the environment 
ag~inst potential impacts caused by leakage of leachate. The design for both landfills 
exceeds the requirements for municipal solid waste landfills contained in 40 CFR 258 
(i.e., Subtitle D). Therefore, these landfills are excellent candidates for the bioreactor 
programs that are proposed in this application. The proposed project has been discussed 
with involved parties, such as the USE? A, WM, and the host counties, as well as the 
participants identified in Section 3.3. The parties agree that the project would be 
valuable, as demonstrated by letters of support for the project from the Amelia County 
and King George County Boards of Supervisors.

I 

I 1.3. PurI!ose ofthe.Agreement 

This FPA is a joint statement of the plans, intentions, and commitments of the 
USEPA, the Commonwealth of Virginia, Amelia and King George Counties, and WM 

to carry out this project.w be appro-,oed[v~ jlil}.Jl~llit:nmiiuIrat-the ~.4a~le'.'.'ggQ-alid-~ 

I 
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Qeo~~t--!;alIei:fitls. This Project will be part of WM's Project XL Program to 
develop innovative approacheswhile providing superior environmental protection. 

The FPA does not create legal rights or obligations and is not an enforceable 
contract or a regulatory action such as a permit or a rule. This applies to both the 
substantive and the procedural provisions of this Agreement. While the parties to the 
Agreement fully intend to follow these procedures, they are not legally obligated to do 
so. For more de.tail,p!easerefer to Section 6 (i.e., Legal Basis for the Pr,oject). 

Federal and State flexibility and enforceable commitments described in this 
Agreement will be implemented and become effective through a legal implementing 
mechanism, such as a rule modification or permit issued by the Commonwealth of 

Virginia. 

All parties to this Agreement will strive for a high level ~f cooperation, 
communication, and coordination to assure successful, effective, and efficient 
implementation of the Agreement and the Project. 

1.4. List of the Parties that Will Sign the Agreement 

The P~ies to this Final Project XL Agreementare the USEPA, WM, and the 
VADEQ'J(.h~ C~f/~..5)' . 

1.5. List of the Project Contacts 

The parties involved in the developmentand preparationof this proposal are 
identifiedbelow. 

StateRegulatoryLiaison: Mr. E. PaulFarrell 
EnvironmentalEngineerConsultant 
Virginia Departmentof EnvironmentalQuality 
629 EastMain Street 
PostOffice Box 10009 
Richmond,Virginia 23219 

00.08.01MEOI69/MDO0426.DOC 3
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ProjectManager: Mr. JamesW. Stenborg, P.E. 

Regional Engineer 
Waste Management, Inc. 
King George County Landfill 
10376 Bullock Drive 
King George, Virginia 22485 
(540) 775-3123 

MaplewoodLandfill Manager: Mr. Lee Wilson 
District Manager 
CharlesCity CountyLandfill 
8000ChambersRoad 
CharlesCity, Virginia 23030 

:.Z.() Z'Z..' MAf I'! w .-)to'd r.cI. 

J{t-~1-5I/i II~ vA-
I 

'Z--S..:;?3 
King George County Landfill 

Manager: Mr. TimothyJ. Schotsch 
District Manager 
King GeorgeCountyLandfill 
10376Bullock Road 
King George,Virginia, 22485 

ProjectEngineer: Michael F. Houlihan, P.E. 

Principal 
GeoSyntec Consultants 
10015 Old Columbia, Road, Suite A-200 
Columbia, Maryland 21046 

OtherKey WasteManagement,Inc. 
Personnel: JohnA. Baker 

Director,EnvironmentalAssessmentand 

Technology 

Greg Cekander, P.E. 
Vice Presidentof Engineering 
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DETAILED DESCRIPTION OF THE PROJECT 

2.1 Summan' of the Project 

2.1.1 Ovenriew 

This project involves the operation of two landfills with bioreactors for the purpose 
of evaluating the relative benefits of the addition of liquids in a conti-oIled manner. The 
viability of these methods .is supported by several other applicatioI'ls of the bioreactor 
technology throughout the United States. A summary of some of these projects is 
presentedon Table 2 and the benefits of these technologies are summarized on Table 3. 

~ As part of the project, WM will be granted regulatory flexibility from the RCRA 

UV\..~~~:~O;llirem~nt,~~~ application of bulk liquids in municipal solid waste landfills, 
"" 1v as presented in 40 CFR Se;-ctWn-"2"5K28".In the past, the design goal of a "traditional" 

d s'C~ landfill was to minimize the quantity of water introduced into ~e landfill, thus 
minimizin~ leachate generation. The disadvantage to this approach is that the lack of 
liquid causesthe biodegradation process to occur very slowly, thus leaving waste in a 
relatively undecomposedstate for a long period. In this case, waste continues to be a 
potential source of groundwater contamination throughout the post-closure period. 
Because biodegradation occurs slowly, the liner system is potentially exposed to 
leachatefor a relatively long period of time. , ,-v;li l)... I(.cirl'~'1 

J (,-.)~\.:;-,""" ,,-Is.. 

Under the XL program, WM will operate the plewood Landfill and the King 
George County Landfill as bioreactor landfill e Maplewood bioreactor will involve 
addition of, primarily, leachate generate at the facility. The King George bioreactor 
will involve addition of leachate generated at this facility plus other liquids, such as 
non-hazardousliquid waste or stormwater. A conceptual processdiagram for a landfill 
bioreactor is presented on Figure 3. The Maplewood and King George County 
Landfills are located in the same geographic area and receive similar waste streams. 
Operating these landfills using two different application rates will allow the relative 
performanceand cost-saving benefits of the two bioreactor approachesto be compared. 
The waste received at these landfills is primarily municipal solid waste having a small 
percentageof non-degradable products (e.g., construction debris). WM understands 
that the high percentageof biodegradable waste in these landfills makes this proposed 
program desirable as compared to other bioreactor programs currently being considered 
by USEPA for Program XL. In the absence of Project XL, these landfills would 

MEOI69/MDO0426.DOC 5 00.08.01 
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continue to operate under currently permitted procedures, which do not include the use 
ofbioreactor technologies (such as liquid application). 

2.1.2 Process DescriDtion -MaDlewood Landfill Bioreactor 

"'-'.l~ k-~The landfill bioreactor program that will be implemented at the Maplewood 1- T. ~cJl 

Landfill involves application of leachate from the landfill and smalhfuantities of otherU +1.;. '5 l.-Jc..) 
liquids to the waste. .The primary purposes of recirculating leachate in'this manner is to I y--E:.-. 
treat the lea9hateand to increasethe rate of biological degradation of waste in a portion C>~I ~ c..tA..t-d", I. 
of the landfill where liquids are applied. The potential benefits of the bioreactor are 
presented in Table 3. Treatment of leachate occurs within the waste when the microbes . 

that naturally exist in the landfill consume portions of the leachate and waste material. 
Several studies (including some described in Table 2) have shown that leachate quality 
improves over time when leachate is recirculated on a regular basis. As an example, 
Table 4 and Figure 4 show leachate quality improving over a period of about seven 
years at test cells operated by the Delaware Solid Waste Authority's Central Solid 
Waste Management Center (CSWMC). Recirculation of leachate can also result in 
accelerated generation of landfill gas; an example of accelerated landfill gas generation 
for the two test cells at CSWMC is presented on Figure 5. Further, at bioreactor 
landfills, substantial settlementof the waste typically can occur during the operating life 
of the landfill, thus stabilizing the waste mass and reducing the need for long-term 
maintenance during the post-closure care period. This settlement can significantly 
increase the usable waste disposal capacity compared to the facility's original design 
capacity. Most importantly, bioreactor processesreduce the time needed to achieve a 
stable waste mass after closure. Finally, becausethe waste mass is more stable, it has 

more potential end-uses. 

Process Description -King George County Landfill Bioreactor2.1.3 

The bioreactor program that will be implemented at.the King George County Landfill 
involves applying a quantity of liquid that is about t'Mce that applied at the Maplewood 
Landfill. In this landfill bioreactor, conditions wiil be established that are intended to 
significantly increase the rate of degradation of waste during the operating life of the 
landfill to achieve the benefits identified in Table 3. Although the process of 

00.08.016MEO 169/MDO0426.DOC 



GeoSyntecConsultants 

recirculating leachate provides much of the moisture needed to maximize biological 
degradation of waste, studieshave shown that the quantity of liquid neededto maximize 
biodegradation is much greaterthan the quantity of leachate generated at most landfills 
(see, for example, Figure 5). At the King George County Landfill, sources of liquid 
other than leachate will be used to supply the additional quantity of liquid needed. 
These sources may include storrnwater, wastewater treatment sludges, or other biota-
rich liquid wastes. For this project, a controlled amount of leachate, storrnwater, and 
non-hazardous liquid wastes will be added to the bioreactor test area, as discussed in 
Section2.2.2. . 

2.2 Specific Project Elements 

2.2.1 Maplewood Landfill Bioreactor System 

2.2.1.1 Overview
~ 

- In this section, the proposed bioreactor system for the Maplewood Landfill is described. 
In general, the systemis designed to distribute leachate throughout the nominal 10-acre 
test area as uniformly as possible and to maintain the moisture content of waste at a 
level high enoughto increasebiodegradation. The total footprint is about 48 acres as of 
May 2000. The detailed design of th.e system is presented in the design report 
(GeoSyntec, 2000a]. In this section, a brief summary of the design is presented to 
illustrate the featuresof the proposed project. The information presentedin-this section 
is also referenced in Section 3 (i.e., Project XL Criteria) to describe the manner in 
which the proposed program complies with the Project requirements of superior 
environmental perform~ce. First, in Section 2.2.1.2, the bioreactor system layout and 
design is described. In Section 2.2.1.3, the typical methods for construction of the 
system are described. Finally, in Sections 2.2.1.4 and 2.2.1.5, proposed methods for 

monitoring and dataanalysis/reporting are described. 

MEO169/MDO0426.DOC 7 00.08.01 
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2.2.1.2 BioreactorSystemLayoutand Design 

The proposed study area will be Phases I, 2, 3, 4, and II. In Phases1 and 2, liquid 
will be applied in trenches; Phases3, 4, and 11 will be used as test cells and no liquid 
will be applied; only a portion of the rainfall that naturally falls and percolates into the 
waste will enter the waste in these phases. The goals of the design for the system will 
be the following: /7),/" -./ / /7' v' J LV'/ I be 

b" c e $" /"'"l <S P1-'l ~ /ll) () f-? l ~ r I' I C7 
c.:.dd.e.-d ? 

.recirculate all of the leachate generated at the facility (i.e., up to about 

4,000,000 gallons per year); 

unifonnly distribute leachate throughout the waste mass in the test (i.e., liquid 

application) area; 
minimize the potential for the occurrence of seeps by placing distribution 
structures at least 50 feet from the crestsof slopes; 

evaluate the relative effectiveness of different horizontal trench designs for 
uniformly distributing leachate throughout the waste mass; 

identify severalleachatedeliveryoptionsto simplify operations; 

provide monitoring features within the horizontal trenches so that liquid head 
and distribution rate within the trenchescan be measuredand documented; and" 

-
I. 

manage landfill gas during liquid application events using an active landfill gas 
collection and control system, and enhancing landfill gas collection and control 
system componentsif the air quality pemlit limits are exceeded. 

The manner in which these goals are addressedin this application are summarized 
on Table 5. The design of the Maplewood bioreactor system is based on analytical 
methods developed by Maier, et. al., [1998. In general, the design was developed based 

on the following considerations. 

Leachate Application Quantity and Rate. As described above, 1l\egoal for the 
Maplewood Landfill is to recirculate as much leachate as is generated at the 

facility. Based on facility records, the facility generated approximately 
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3,000,000 gallons of leachate in 1999, which was a relatively dry year. Under 
this XL program, between3,000,000 and 4,000,000 gallons of liquid would be 
applied per year. The liquid application rate would be 10,960 gallons per day, 
based on an application rate of 4,000,000 gallons per year. A portion of the 
liquid added could consist of liquids other than leachate, if the leachate 
quantity is relatively low; such "other liquids" could include non-hazardous 
liquids such ~ waste wat~r{ treatment plant sl~dges, stormwater or tru~k -. 
washwater. \ ThiS" \,.},(, Y"e...{fJIv-L,.e..~ f-:{~y- Poor- f/'Ladd(I'c~/1'7t/,ds 

L ~':>~t: q.-\ K.ln5G~D"v5~ { 

Head on Liner. The impact of the proposed liquid application activities on the 
depth of liquid on the liner system was evaluated using the HELP model. 
First, the hydrologic evaluation was performed assuming that no liquid is 
appli,ed;then, the evaluation was performed for the liquid application condition 
under the conservative assumption that 4,000,000 gallons per year is 
recirculated. The resulting thickness of head on the liner systemis less than the 
regulatory maximum of 12 in. .' 

Application Capacity of System. The "application capacity" of the system is 
the amount of liquid that can be expected to flow by gravity from all of the 
trenches. For the Maplewood Landfill, this quantity has beenestimated using 
the methodology described by Maier [1998]. This method involves estimating 
the moisture content of the waste (typically 15 to 25 percent without liquid 
application), the hydraulic properties of the waste, the moisture retention 
capacity (field capacity) of the waste (typically 40 percent), and the head of 
liquid on the trench. Using this information, the flowrate of liquid ~ut of one 
trench into the waste is calculated; the total application capacity equals the 
combined flowrate of all trenches. As shown in [GeoSyntec, 2000a], the total 
flowrate capacity.of the group of trenches is calculated to be about 110,000 
gallons per day, which is much greater than the proposed average rate of 
10,960 gallons per day application rate. 

Leachate Storag,eCapacity of On-Site Structures. It is important that the on-
site leachate storage structures have enough capacity to store leachate that is 
needed for later application to the trenches. Liquid will be collected and stored 
for application when conditions are appropriate (i.e., it is not raining). The 
storage capacity of the leachate tanks at the Maplewood Landfill is 

MEO 169fMDO0426.DOC 
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approximately 500,000 gallons, which is the average amount of leachate 
generated over a period of about two months. During operation of the 
bioreactor system, leachate storage structures will be used to temporarily store 
leachate at times when it is not or cannot be recirculated. As a minimum, the 
tanks will need to store the quantity of leachate generated over a period of 
several days; this is much less time than the approximately two months of 
storage capacity at the site. Therefore, the facility has adequateleachatestorage 
capacity for operation of the bioreactor system (GeoSyntec, 2000a]. As a 

contingency during times when leachate generation exceeds the rate of 
r.ecirculation in and storage capacity, leachatecan be hauled off-site. 

Landfill Gas Control System. To meet the requirements of Section 3.2.1.4 

(Potential Environmental Impact to Air), it is important that the landfill be 
operated in a manner that meets the requirements of all applicable air quality 
state and Federal permits. As shown in the design report (GeoSyntec 2000a], 
because the Maplewood Landfill must comply with the requirements of 40 
CFR Subpart WWW and other air quality regulations, an active landfill gas 
collection system will be operated at all times, including during liquid 

application events. The Maplewood Landfill currently has an active landfill 
gas collection system that is in operation; if odor problems or air quality 
problems occur, then the system wili be expanded as needed (e.g., using 
additional extraction wells or trenches or by placing less permeable cover and. 
affected areas). The system performance will be documented through routine 
monitoring of the landfill gas for the presence of methane and other 
constituents. 

2.2.1.3 Liquid ApplicationSystemConstruction 

The liquid application system will be constructed using typical trench construction 
methods and other methods developed during the implementation of the program. The 
construction methods are described in detail the design report (GeoSyntec, 2000a]. The 
goals of the construction methods presented in the report one: 

I 

I provide commonlyusedmethodsthatcanbe implementedby landfill personnel 
or earthwork contractors during normal operations; 

I 
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use materials of construction that are readily available, inexpensive, and 
resistant to degradation by the pressures and chemical constituents present in 
the landfill; and 

minimize the occurrence of odors or other nuisancesduring construction of the 

liquids application system. 

2.2.1.4 Mopitori~g 

To verify that the goals.ofthe program and the Final Project Agreement are met, 
the landfill will be monitored. The specific goals of the monitoring program will be: 

'? 

to measureleachatequality in areaswith and withoutliquid additionovertime; 

measurethe total quantity of leachate collected in areas with ~d without liquid 
application and the quantity of leachate or other liquids applied in the test 
areas. , 

monitor the rate that leachate can be applied to the trenches without causing 
seepsor other potential operational problems; 

monitor the ground surface of the entire site, including the liquid application 
area, for the presenceof landfill gasses(i.e. methane,NMOCS, etc.,) in excess 
of pennit limits, and evaluate the need for additional landfill gas collection 

components (i.e., wells and header pipe) during liquid application events to 
improve the effectivenessof the landfill gas collection system; and 

measurethe settlement of the waste over the entire landfill area, including the 

liquid application area; this will include semi-annual or more frequent 

topographic surveys. 

The methods that will be used to monitor th.eseparameters are described on 
Table 6. To simplify the monitoring of these parameters, fornls will be generated for 
use by operations personnel to collect and track this information. .. 

MEO169/MDO0426.DOC 11 

( 

00.08.01 

.




.. . . 

GeoSyntcc Consultants 

2.2.1.5 DataAnalysisandReporting 

The data collected during monitoring events described in Section 2.2.1.4 will be 
analyzed for the following trends: 

changesin leachatequality on an annual basis; 

relationship between total quantity of leachate generatedand liquid applied in 
the phasesof the landfill; 

range of liquid application rates or qualities to various trenches and potential 
problems arising from certain application rates; 

compliance with the requirements of the Air Quality Pennit for the site, 
including monitoring the ground surface for the occurrenc.~of non-methane 
organic compounds (NMOCs) and methane; 
relative perfonnance of the trenchesand evaluate an appropriate trench spacing 
that is neededto unifonnly distribute leachate throughout the waste mass; 

. 
occurrence of seepsand whether they are attributable to operation of the liquid 
application system; and 

.quantity of settlementof landfill surfacesett~emenr;;)areaswith and withou~ 
liquid injection. '1 51 

("'1-

The mannerin which thesedatawill be summarizedand reportedis outlined in 
Section3.1.3. 
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2.2.2 King George County Landfill Bioreactor System

2.2.2.1 Overview

In this section, the proposed landfill bioreactor system for the King George County 
Landfill is describedbelow. In general, the systemwill be designedto distribute liquids 
as uniformly as possible throughout the test area of the waste mass, and to establish 
moisture contents within the test area at a level high enough to significantly increase 
biodegradation. The detailed design of the system is presented in King George design 
report (GeoSyntec,2000b]. In this section, a brief Sll:n1ffiaryof the design is presented 
to illustrate the features of the proposed project. The information presented in this 
section is used in Section 3 (i.e., Project XL Criteria) to describe the manner in which 
the proposed program complies with the Project XL requirements of superior 
environmental performance. First, the landfill bioreactor system layout and design is 
Qescribed. Then, in Section 2.2,2.3, the typical methods for construction of the system 
are described. Finally, in Sections 2.2.2.4 and 2.2.2.5, proposed methods for 
monitoring and data analysis/reporting are described. 

2.2.2.2 BioreactorSystemLayoutand Design

A conceptual process flow diagram for operation of the bioreactor is presented on 
Figure 3. The overall study area will be established within the MSW Cells 2, 3, and 4 
of the King George County Landfill. Liquid will be applied in Cell 3; Cells 2 and 4 will 
be the control cells in which no liquids will be applied. The overall study area, (i.e., 
Cells 2, 3, and 4) covers about 59 acres. CellI is currently under construction (July 
2000) and will be a future control area. The goals of the design for the bioreactor will 
be the following: 

e, recirculate all of the leachate generated at the facility (i.e., up to about 
8,000,000 gallons per year plus additional liquid so that the total liquid 

application rate is about 8,000,000 gallons per year); 

uniformly distribute leachate throughout the waste mass in the test area (i.e., 

liquid application); 
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minimize the potential for the occurrence of seeps by placing distribution 
structures at least50 feet from the crestsof slopes; 

evaluate the relative effectiveness of. liquids in promoting degradation by 
monitoring surface settlement by cell areas and noting which types of liquids 
have beenapplied in those areas; 

identify severalleachate delivery options to simplify operations; 

provide monitoring features within the liquid application structures so that 
leachate head and distribution rate within the trenches can be monitored 
effectively; and 

manage landfill gas during liquid application events using an active gas 
collection and control system, and enhancethe gas collection and control 
componentsif air qualitypermit limits areexceeded. .. 

The manner in which these goals are addressedare summarized on Table 3. The 
design of the system will be based on analytical methods developed by Maier, et. al. 
[1998] as described in Section 4 of the design report [GeoSyntec, 2000b]. In general 
the design was basedon the following primary considerations. 

Liquid Application Quantity and Rate. As described above, the goal for the 
King George County Landfill is to recirculate as much leachate as is generated 
at the facility and to apply additional liquid to make the total amount of liquid 
applied equal to between 7,000,000 and 8,000,000 gallons per year. Based on 
facility records for the past three years, the facility generates approximately 
3,500,000 gallons of leachate per year. Based on estimates of stonnwater 
runoff quantities and the storage capacity of the stonnwater managementponds 
oatthe site, approximately 8,000,000 gallons or more of stonnwater can be 
made available for application to the landfill waste. The liquid application rate 
would be, on average, about 22,000 gallons per day based on an estimated 

application rate of 8,000,000 gallons per year.' 

Head on Liner. The impact of the proposed liquid application aetivities on the 
head of liquid on the liner system was evaluated using the HELP model. First, 
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the hydrologic evaluation was perfonned assuming that no leachate is 
recirculated; then, the evaluation was perfonned for the leachate recirculation 
condition under the conservative assumption that 3,500,000 gallons/year of 
leachate is recirculated. The analysi,s is shown in Appendix A to the design 
report (GeoSyntec, 2000b]. As shown in the Design Report (GeoSyntec 
2000b], the resulting head on the liner system of lOin., which is less than the 
regulatory maximum thickness of 12 in. 

Applicatio.n Capacity of System. The "application capacity" of the system is 
the amount of liquid that can be expected to' flow by gravity from all of the 
trenches. For the King George County Landfill, this quantity has been 
estimated using the methodology described by Maier [1998]. This method 
involves estimating the moisture content of the waste (typically 15 to 25 
percent without liquid application), the hydraulic properties of the waste, the 
moisture retention capacity (field capacity) of the waste (typically 40 percent), 
and the head of liquid on the trench. Using this information, the flowrate of 
liquid out of one trench into the waste is calculated; the total application 
capacity equals the combined flowrate of all trenches. As shown in the design 
report [GeoSyntec, 2000b], the total flowrate capacity of the group of trenches 
is calculated to be about 110,000 gallons per day, which is much greater than 
the proposed22,000 gallons per day maximum application rate. 

Leachate Storage Capacity of On-Site Structures. It is important that the on-
site leachate storage structures have enough capacity to store leachate that is 
needed for future application to the trenches. Liquid will be collected and 
stored for application when conditioned are appropriate (i.e., it is not raining). 
The storage capacity of the leachate tanks at the King George County Landfill 
and Recycling Center is approximately 500,000 gallons, which is the average 
amount of leachate generated over a period of about two months. During 
operation of the bioreactor system, leachate storage structures will be used to 
temporarily store leachate at times when it is not or cannot be recirculated. As 
a minimum, the tanks will need to store the quantity of leachateoperated over a 
period of several days; this is much less.time than the approximately two 
months of storage capacity at the site. Therefore, the facility has adequate 
leachate storage capacity for operation of the bioreactor system as designed in 

the design report (GeoSyntec,2000b]. 
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Landfill Gas C;ontrol System. To meet the requirements of Section 3.2.1.4 
(Potential Environmental Impact to Air), it is important that the landfill be 
operated in a manner that meets the requirements of all applicable air quality 
state and Federal pennits. As shown in the design report (GeoSyntec, 2000b] 
becausethe King George County Landfill must comply with the requirements 
of 40 CFR Subpart WWW, an active landfill gas collection system will be 
operated at all times including during liquid application events. The system 
perfonnance will be documented through ro4tine monitoring for the presence 
of methane and non-methaneorganic compounds. 

2.2.2.3 BioreactorLiquids Application SystemConstruction 

The liquid application system will be constructed using typical trench construction 
methods. The construction methods are described in detail in Section 5 of the design 
report. The goals of the construction methods presented in the design report are: 

~ provide commonly used methods that can be implemented by landfill personnel 
or earthwork contractors during normal operations; 

use materials of construction that are readily available, inexpensive, and 
resistant to the degradation by.the pressuresand chemical constituents present 
in the landfill; and 

control odors or other nuisances during construction of the liquids application 

system. 

2.2.2.4 Monitoring 

To verify that the goals of the program and the enforceable componentof the Final 
Project Agreement are met, the leachate recirc\llation system will be monitored. The 
specific goals of the monitoring program will be to: . 

measure leachate quality in areas with and without liquid addition aver time; 

.. 
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measurethe total quantity of leachatecollected in areas with and without liquid 
application and the quantity of leachateor other liquids applied in the test areas; 

monitor the rate that leachate can be applied to the trenches without causing 
seepsor other potential operational problems; 

monitor the ground surface of the entire site, including the liquid application 
area, for the presenceof landfill gasses(i.e. methane, NMOCS, etc.,) in excess 
of pennit limits, and evaluate the need for additional landfill gas collection 
components (i.e., wells and header pipe) during liquid application events to 
improve the effectiveness of the landfill gas collection system; and 

measure the settlement of the waste over the entire landfill area. including the 

liquid application ar.ea.this will include semi annual topographic surveys. 

The methods that will be used to monitor theseparametersare described on Table 6. 
To simplify the monitoring of these parameters, forms will be genetated for use by 
operations personnel in collecting and tracking this information. 

2.2.2.5 DataAnalysisandReporting 

The data collected during monitoring events described in Section 2.2.2.4 will be 
analyzed for the following trends: 

changes in leachatequality on an annual basis; 

relationship between total quantity of leachate generated and liquid applied in 
the test area; 

range of liquid application rates to trenches and any methods needed to attain 
certain application rates; 

evaluate the relative performance of the trenches and evaluate whether a closer 
trench spacing is needed to uniformly distribute leachate throughout the waste 

mass; 
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occurrence of seepsand whether they are attributable to the liquid application 

system; and 

quantity of settlement of waste and estimate of total waste disposal quantity 

gained through settlement. 

The manner in which these data will be summarized and reported is described in 

Section3.1.3. 
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PROJECT XL CRITERIA 

3.1. Sunerior Environmental Performanc~

3.1.1 Tier 1: Is the Project Equivalent? 

3 Overview1.1

The criteria for Superior Environmental Performance are identified and described 
in the Best Practices Guidelines [USEPA, 1999]. As shown in Section III.A of that 
document,the applicant must first demonstrate that the proposed project is equivalent, 
in terms of environmental protection, to a similar program performed within applicable 
regulations,independent of the XL Project. The Best Practices Guidelines require a 
two-tiered approachto this demonstration. The first tier of the demonstration requires 
that the applicant quantitatively demonstrate that the proposed project results in a 
potential environmental impact that is equal to or less than what would occur if the 
project complied with all environmental regulations. The potential impacts are 
quantified in terms of the by-products (particularly those generated by operations 
related to the proposed project) that could be released to the environment. For the 
Maplewood and King George County Landfills, the primary (major) by-products of 
facility operations include leachateand landfil~ gas. Odors can also be released and are 
associatedwith landfill gas. Leachate can be releasedto the environment either below 
ground(i.e., through the liner system) to groundwater or above ground (i.e., through the . 
surfaceof the landfill) to surface water. Landfill gas and the associated odors can be 
releasedto the environment through the liner system or through the sides or top of the 
landfill. Environmental media that could be impacted include groundwater, surface 
water, and air. Therefore, the Tier 1 evaluation presented in this section is focused on 

equivalentpotential impacts to these three media, and is presented here for both the 
King George and Maplewood Landfills. 

3.1.1.2 Potential Impact to Groundwater 

For an environmental impact to occur to groundwater, leachate would have to 
migrate through the liner system of the landfill, flow vertically through the .unsaturated 
zone, and then impinge on groundwater. As described in Section 1.2, both the 
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Maplewoodand King GeorgeCounty Landfills were constructedhaving double-liner 
systems,which exceedthe liner performancestandard of Subtitle~ These liner 
systemsare highly efficient at preventingleakageof leachatefrom the landfill. The 
leachatecollection systemsof both landfills were designedto limit the thicknessof 
leachateon the underlying liner to no more than 12 in. This has beenverified with 
designcalculations. 

When liquids are applied to the landfill, there is a possibility that an increased 
quantity of leachate (due to the application of additional liquids) will reach the leachate 

collecti°!l system. Leachate head levels on the liner may also increase. However, as 
presented in Section 4.3 of the design reports (GeoSyntec, 2000a and 2000b] when 
additional liquids are applied, the thickness of leachate will not exceed 12 in. In reality, 
applying liquids to the waste above the leachate collection system will enhance the 
biological processesin the landfills, which causemore water to be consumed by landfill 
gas generation. This further reduces the amount of liquid that can rt?achthe liner. For 
these reasons, the potential impact to groundwater will not exceed the potential 
environmental impact if the project were not implemented. 

3.1.1.3 Potential Impact to Surface Water 

For an impactto occurto surfacewater, leachatewould haveto migrate laterally 
from the landfill surfaceto an abovegroundportion of the landfill sideslopeand then 
flow downslopeto a receivingwaterbody. Seepsoccur at landfills regardlessof how 
well the l~dfill ~sdesigned.andoperated. Thereis no quantitativemethodto estimate fA' ~ 
thepotential envIronmentallInpactto surfacewatercausedbY;:~=~~-~~~;: ~ the_- (5 ;1.'\,5 
landfill will be visually monitoredfor potential sewageareas. However,basedon-the 0 j.t-11 iV\elttecf 
operatingrecordsof the.Maplewood and Kin~ .GeorgeCounty Landfills, impacts to ?"rL/ec.~/4h(c,... 
surfacewaterthatareattributableto seepsaremItIgatedbeforetheybecomea problem. 

Potential impacts that could be caused by seeps are promptly mitigated at the 
Maplewood and King ,George County Landfills through a program of seep detection 
through visual inspections and of maintenance to quickly repair seeps after they are 
identified. This program of inspections and maintenance will continue to be 

implemented throughout the XL Project. Further, because of the ongoing project, site 
personnel will be advised to be more sensitive to the potential for seeps. Therefore, the 
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potentialenvironmental impact of the facility to surface water underthe XL Project will 
at leastbe equal to or less than the potential environmental impact of a similar project 
not perfonned underXL. 

3.1.1.4 Potential Impact to Air I / / / 
-111~~c~c..Jr-c.--H- S"~'~¥l-1 

For an impacr"iO-;ccur to air, landfill gas would have to be released from the 
landfill in aJ:lounco\1trolled manner. For the Maplewood Landfill,.active landfill gas 
control systemshave been constructed and are currently preventing releasesof gas in . 
excess of regulatory limits. An active gas collection and control system will be {)'" bt.h r~ if It 
install~d at the King George Co~ty Landfill on 0: befor.e1 Nov~m~er 200o:Th; g~ p-o t.c.-t- / S . 
collectIon and control systems WIll be upgraded, If routine morutonng shows that the 2 1)('lt~.v1kc(
landfills' air quality permit standardshave beenexceeded,to control any additional gas I I 

that would be generatedduring liquid application. Therefore, the potential impact of 
the facility to air under the project will not exceed the potential impact of a similar 
project not performed underXL. 

Tier 2: Superior Environmental Performance3.1.2 

Overview3.1.2. 

The second tier for the evaluation for Superior Environmental Perfonnance 
requires that the applicant demonstrate that the proposed project will result in an 
environmental perfonnance that exceeds the levels of equivalence established for Tier 
1. In the remainder of this section, quantitative and qualitative factors are described to 
demonstrate that the project represents a level of environmental perfonnance beyond 
the standardfor equivalencepresented in Section 3.1.1. 

3.1.2.2 Potential Environmental Impact to Groundwater 

The proposed project will provide environmental performance that is superior to 
the baseline of potential environmental impacts to groundwater defined in Section 
3.1.1.2 in several aspects. The five criteria used to evaluate superior performance in 
protecting groundwater quality, as identified in Section III.A.2 of the Best Practices 

21 00.08.01MEOI69/MD~26.DOC 

.




. 

GeoSyntcc Consultants 

Guidelines in [USEPA, 1999] are identified below, and the manner in which superior 
environmentalperformance will be measured is provided in Section 3.1.3. 

Improvements to Tier 1 Benchmarks. The Tier 1 benchmark is based on the 
quantity of leachate that could be released to groundwater and, as shown in 
Section 3.1.1.2, the proposed project is equivalent. In fact, becausemore liquid 
is consumed in a bioreactor landfill than a non-bioreactor landfill, leachate 
quantity at the site will eventually be less under the proposed project. In 
addition to leachate quantity, leachate quality is an equally important factor in 
evaluating the potential for impacts to groundwater quality. In bioreactor 
landfills, the quality of leachate over the long term is substantially better than 
the quality of leachate at non-bioreactor landfills, as demonstrated in Sections 
2.2 and 2.3 (see Figure 4). Further, the improvement in quality will occur 
sooner in the life of the landfill when the reliability of the leachate containment 
system (i.e., the liner) is at its highest level. These factors result in a substantial 
long-term improvement in environmental performance and protection for the 
proposed project as compared to a facility operatedoutside of the project. 

I 

Pollution Prevention or Source Reduction. Bioreactor landfills substantially 
reduce the source of contamination in landfills and, thereby, significantly 
contribute to pollution prevention. As described in Section 2, the primary 
environmental threat to groundwater and surface-water quality in MSW landfills 
is organic constituents within the landfilled waste. By accelerating the 
biodegradation of these wastes, the organic constituents that repr~sent the 
primary environmental threat are degraded, resulting in a reduction in the source 
of potential contamination and corresponding prevention of potential pollution. 

Environmental Performance More Protective than the Industry Standard. The 
Industry Standard for protection of groundwater resources at MSW landfills in 
Virginia is characterizedby: (i) screening waste that is received at the facility to 

prevent the disposal of wastes that could adversely impact groundwater quality; 
(ii) containing leachate within landfills by constructing effective liner systems; 
and (iii) minimizing the fonnation of leachate by preventing the addition of 
liquids during the active life of the landfill and constructing a low-penneability 
cover after filling is completed to prevent the fonnation of leachate. .The 
Industry Standard does not include treating waste to minimize its long-term 

I 

I 

I 

0008.0122MEO169/MDO0426.DOC 



GeoSynt'ec Consultants 

potential to impact groundwater quality. Under the proposed project, waste 
would be treated in place to minimize its potential for impacting groundwater 
quality without adversely impacting the other environmental protection features 

of the facility. 

Improvementin EnvironmentalConditionsthat are Priorities to Stakeholders. 
Based on discussions between the applicant, the V ADEQ, and the host 
communities for the Maplewood Landfill and the King George COWltyLandfill 
groundwater-related issues that are priorities to stakeholders include (among 
others) minimizing the long-tenn threat to groundwater quality. This project 
provides a substantial improvement to the perfonnance of the existing facilities 
by treating the waste in the landfills and, thereby, minimizing the potential for 
waste; to present a long-tenn threat to groWldwater quality. Routine 

groundwater monitoring is, and will continue to be, perfonned to verify 
containment. 

Community Concerns. Based on discussions betweenthe applicant, the VADEQ, 
and the host communities for the Maplewood Recycling and Landfill and the 

King George County Landfill, community concerns related to groundwater 
quality are the same as those identified in the previous bullet and are addressed 

through long-term treatment of waste in ~lace using the bioreactor process. 

3.1.2.3 PotentialImpactto SurfaceWater 

The proposed project will provide environmental performance that is superior in 
respectto the baselineof potential impacts to surface water defined in Section 3.1.1.3 in 
severalaspects. The five criteria used to evaluate superior performance in protecting 
surface-water quality are identified below, and the manner in which superior 
environmentalperformance will be measuredis described in Section3.1.3. 

Improvements to Tier 1 Benchmarb. The Tier I benchmark for potential 
environmental impact to surface water is minimizing the occurrence of seeps 
and, as shown in Section 3.1.1.3, the proposed project is equivalent in this 
regard. In .addition, less leachate would be routed from the facility to the 
publicly owned treatment works (POTW), where as much as five percent of 
pollutants in the leachate (i.e., wastewater) are typically released to surface-
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water bodies. Reducing the quantity of liquid sent from the facility to the 
POTW will correspondingly decreasethe pollutant load to streams caused by 
discharges of residue from wastewater treatment plants. Further, surface water 
used in the bioreactor would reduce the quantity of storrnwater routed off site, 
which would reduce off-site erosion and sedimentation impacts. In these 

manners, the project represents an improvement to the Tier 1 benchmarks 
presented in Section 3.1.1.3. 

Pollution Prevention or Source Reduction. By using leachate to treat waste in 
the landfill, the source of contamination (i.e., the incidental contaminants that 
are present in a landfill) is reduced and pollution is prevented. This results in 

superior environmental perfonnance for protection of surface-water resourcesby 
eliminating the source of seeps and groundwater contamination, which can 
result in surface-water contamination in locations where groundwater discharges 
to surface water. 

Environmental Performance More Protective than the Industry Standard The 
Industry Standard for surface-water protection is based on the use of standard 
stormwater management practices and mitigation of occasional seeps. In 

addition, by applying stormwater to waste, fewer adverse impacts to off-site 
receiving streams will be expected during the. operating life of the landfill. 
Therefore, by applying leachateand stormwater, the environmental performance 
of the Maplewood and King George County Landfills will exceed the Industry 
Standard for surface-waterprotection. 

Improvementin EnvironmentalConditionsthat are Priorities to Stakeholders. 
Based on discussions between the applicant, the VADEQ, and the host 
communities for the Maplewood Landfill and the King George County Landfill, 
surface-water related issues that are priorities to stakeholders include (among 

others) protecting surface-water resources from impacts by leachate. This 
project addresses this concern by providing monitoring and operational 
procedures for preventing impact to surface-water resources by seeps. 

Community Concerns. Based on discussions betweenthe applicant, the VADEQ, 
and the host communities for the Maplewood Landfill and the Ki,ng George 

County Landfill, community concerns related to surface-water q.uality include 
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The proposedproject will provide environmental performance that is superior to the 
baselineof potential environmental impact to air defined in Section 3.1.1.4 in several 

aspects. -5/)/I1v/d Ore-a. k 6'(.{1-- ~5CU.5S/'~h ,,~Z /o..:'-'c////~ 

Improvements to Tier: 1 Benchmarb. The Tier 1 benchmark for potential 
environmental impact to air is to control landfill gas in a manner consistent.with 
the requirements of state and Federal air quality permits. As described in 
Section 3.1.1.4, the proposed project meets this standard by providing landfill 
gas collection and control during the operating, closure, and post-closure 
periods. The existing Air System Quality Permit will be used.asth.ecriteria for 
determining if the gas collection and control needs modification. Under this 
project, landfill gas will likely be generated at a higher rate in the area where 
additional liquid is input as compared to other areas. This will increase the gas 
generation rate and may require additional active gas collection components, 
such as wells and header piping in those affected areas. As more gas is 
produced and collection structures are' added, the collection efficiency will be 

improved. Therefore, under this project, less gas will be released from the. 
landfill surface to the atmosphere than if the project were not implemented. In 
addition, the Tier 1 benchmark will be improved because there will be less 
impacts from leachate hauling trucks. Leachate is currently being transported 
from the landfills via truck to wastewater treatment plants. These trucks 
consume fuel, and there are vehicle emissions associated with this fuel 
consumption. If leachate is discharged (i.e., recirculated) into the waste, it will 
either be pumped using closed piping systems or hauled, using trucks, to the 
various dischargepoints on the landfill. By using leachate in the bioreactor, fuel 
consumption and vehicle emissions will be drastically reduced or eliminated as 
compared to a project performed outside of XL where leachatewould be hauled, 
off site. Emissions from on-site trucks (if they are used) will be reduced 
because haul distances to the treatment facilities are typically more than 50 
miles as compared to on-site hauling distances of about 2 to 3 miles. 'Thus, a 
substantial long-term improvement in environmental performance for the 

the items identified in the immediately preceding bullet and are satisfied through 
compliancewith existing pennit conditions. 

.2.4 Potential Environmental Impact to Air 
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proposedproject will be recognized as compared to a facility operated outside of 

an XL project. 

Pollution Prevention or Source Reduction. The practice of collecting and 
treating landfill gas throughout the operating period will result in a significant 
decrease in uncontrolled discharge of landfill gas and, therefore, represents a 
substantial improvement in the level of pollution prevention provided by the 
facilities. Fugitive emissions will be reduced becausegas collection and control 
systems Wil~be instituted earlier than if the facilities were operated outside the 
XL Program. (c~~,"1 .t:::"t'7jbee;~) . 

Environmental Performance More Protective than the Industry Standard. The 
Industry Standard for landfill gas management in Virginia involves providing 
active collection and control of landfill gas at landfills that have the potential to 
generatemore than 50 Mg per year of NMOCs. As described in the first item 
above, the proposed project will exceed this standard because.more landfill gas 
would be generated and collected during the time when active gas collection 
controls are required, resulting in more gas collected in a shorter period of time 
under the XL Program than outside the XL Program. The waste mass will more 
quickly be exhaustedof its potential to generategas, and more quickly approach 
a time when emissions are less the 50 Mg per year. Therefore, the 
environmental performance of the project will be more protective than the 

industry standard. 

Improvementin EnvironmentalConditionsthat are Priorities to Stakeholders. 
Based on discussions between the applicant, the V ADEQ, and the host 

communities for the Maplewood Landfill and the King George County Landfill, 
air-related issues that are priorities to stakeholders include (among others) 
preventing odor problems. This project provides a substantial improvement to 
the performance of the existing facilities by collecting landfill gas during the 
active period of filling. Therefore, even though the landfills may have higher 
gas generation rates under the XL Project than those sites outside of the XL 
Project, the proposed project representsan improvement on a key environmental 

condition of high priority to stakeholders. 

::I 
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Community Concerns.Based on discussions betweenthe applicant, the VADEQ, 
and the host communities for the Maplewood Landfill and the King George 

County Landfill, community concerns related to air emissions or air quality 
include those identified above and are addressed through existing permit 
conditions and bioreactor design, construction, and operational methods. 

3.1.3 How Environmental Performance Will Be Measured 

Environmental perfomlance will be measured throughout the project to 
demonstrate the environmental benefits described in Sections 3.1.1 and 3.1.2. In 
particular, measurementswill be made of eight elements of the project as identified on 
Table 6 as well as the manner in which they will be measured. Most of the eight 
elementsare dependenton the same variables, including rate of biological activity and 
avoidance of potential operational problems that could cause an impact to the 
environment. The measurements identified on Table 6 will be -\ised to make a 
detemlination of superior environmental perfomlance compared to non-recirculating 
and non-bioreactor landfills as follows. 

Reduced Impacts to Groundwater Quality. If leachate quality improves over a 
period of several years or if a trend of improving leachate quality is evident after 
the initial 2- to 3-year period, then it will be concluded that improved leachate 

quality representsa reduced impact to the liner and leachate collection system. 
and long-tenD groundwater quality. j)~I"~ 6d..5l::1;?/~ ~d'-~~,t:

/ f~~/",..r ~ be ~«.s-I'c.fe""t!'~( d
Reduced Impacts to Surface-Water Quality. If no significant increase in the f/'?,uI "ca..'. 
occurrence of seeps occurs during the project compared to the occurrence of 
seeps at non-bioreactor landfills, then it will be concluded that the liquid 

application methods are acceptable and there are no potential adverse impacts to 
surface-waterquality. 

ReducedImpacts to Air Quality. Potential impacts to air quality will be reduced 
if: (i) waste degradation rates increase significantly, as determined by surveys 
before and after recirculation or bioreactor activities occur; (ii) the landfill gas 

management system is routinely monitored, maintained, and operated 
throughout the period of the project; and (iii) no significant odors occur or 
surface emissions are detected during the project. The improvements associated 

MEO169/MDO0426.DOC 27 00.08.01 



GcoSyntccConsultants 

with not having to haul leachate will be recognized immediately. Environmental 
perfonnance will be monitored as described in Sections 2.2.1.5 and 2.2.2.5, and 
the results of the monitoring will be presented semiannually to WM. 
A preliminary outline of a typical semi-annual report of monitoring is presented 
on Table 7. 

3.2 OtherPotentiaJ Benefits ~ 

DecreasedLeachate Management Costs 

IncreasedWasteDisposalCapacity 

The increased rate of biodegradation at recirculating and bioreactor landfills results 
in substantial settlement..of waste during the landfills active life. In contrast, at non-

recirculating or non-bioreactor landfills, most waste settlement occurs during post-
closure (after the final cover has been placed over the waste), making it difficult and 

impractical to reclaim the disposal capacity gained through settlement. At recirculating 
and bioreactor landfills, a significant amount of settlement can occur during the active 
life of the landfill, making it possible to reclaim the disposal cap;acitygained due to 

settlement. Also, the waste mass becomes more stabI7soone~and~etter suited for end-, 
use during post-closure. A substantial benefit of increased waste disposal capacity is 
the ability to delay or avoid siting a new waste disposal facility, a benefit that has a 

I 
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large quantitative economic benefit and a high qualitative benefit. Further, with 
additional disposal capacity, the host communities will receive additional revenue from 
feespaid on a "per ton" basis. 

Increased Use ofRecycledMaterials 

The materials to be used as the drainage media in the liquid application structure 
will typically include coarseaggregate or other suitable recyclable materials such as tire 
shreds. Tire shredsare commonly generatedas a result of the cleanup of old tire piles 
in the Commonwealth of Virginia. When a beneficia:} use of tires such as this is 
available, a portion of the processing cost from the cleanup of tirepiles is paid by the 
VADEQ becauseof the beneficial end use. The tire cleanup program is funded by a tax 
on the purchaseof new tires. 

ImprovedEconomicsofEnergyRecoveryProject Feasibility 

Energy recovery from landfill gas is a project that involves collection of landfill 
gas and beneficial use such as generating of energy either by direct generation of 
electricity or by burning the gas as an alternative energy source. The economic 
feasibility of such energy recovery projects is a function of the reliability of the quantity 
of landfill gas that can be generatedduring the life of the project. For example, landfills 
that generate a relatively small quantity of gas per year may not be candidates for an 
energy recovery project due to an insufficient quantity to make the project cost-
effective. Even if the total quantity of landfill gas generated over the life of the facility 
is very large, certain projects may not be economical if the gas generation rate is 
relatively low. Becauseincreased levels of biodegradation cause higher gas generation 
rates (such as in recirculating and bioreactor landfills) more gas is available in the short
tenn for energy recovery projects. With the increased rate of landfill gas being 
generated,energy recovery projects will be more economically feasible. 

Earlier Availabilityfor Re-UseofSite 

Less settlement occurs during the post-closure period at recirculating and bioreactor 
landfills. This is becausemore of the potential settlement is achieved prior to closure. 
These landfills represent a reduced potential impact to environmental. quality as 
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described above in this application. Thus, there are more potential options for using the 

site during and after the post-closure period. 

ReducedSettlementandStrain on Final CoverSystem 

There is less potential for damageto the final cover system by settlementbecausemore 
of the potential settlement occurs in recirculating and bioreactor landfills before the 
final cover system is constructed. This has a direct impact on the cost of the post-
closure operation and maintenance activities. Because the final cover system will 
experience less settlement, the long-term containment of the final cover system is 

improved. 

DecreasedPost-ClosureCareCosts 

Because waste is stabilized more quickly in recirculating and bioreactor landfills, 
several long-term benefits occur as described in this section, including: (i) shorter time 
that leachate will need to be managed and, therefore, shorter period of leachate 

management system operation and leachate treatment; (ii) shorter duration of landfill 
gas generation and, therefore, shorter period of landfill gas management system 
operation; reduced.settlement during the post-closure period and; therefore, decreased 
maintenanc~ costs for repairing potential cover damage due to settlement; and (iii) 
decreasedpotential for groundwater degradation and, therefore, lower potential for the 
need for groundwater remediation. These benefits all result in lower post-closure care 
costs for recirculation or bioreactor landfills as compared to non-recirculating and non': 
bioreactor landfills. Based on studies performed by Shaw and Knight [2000], the 
estimated savings in post-closure operation and maintenance costs for bioreactor 
landfills is in the range of 40 to 60 percent as compared to non-bioreactor landfills. 

Comparison BetweenApproaches to Bioreactor Technology 

A significant technological benefit of this project is that it would allow for a direct 

comparison between the performance of bioreactor landfills operated with varying 
amounts of liquid introduced in~othe waste mass. This comparison can be made within 
the site itself from areaSwith and without liquid injection, and between the two sites. 
As previously described, the Maplewood Landfill would receive up t9 4,000,000 
gallons per year of liquid in a nominal 10-acre area. The King George County Landfill 
would receive as much as 8,000,000 gallons per year of liquid in approximately the 
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3.3 StakeholderInvolvem~ 

3.3.1 Generall.nformation 

Interestedparties have demonstrated some interests in the project, yet do not wish 
to actively participate in project development and implementation. Interested parties 
will usually want be kept informed of project development and progress,and may wish 
to attend public meetings and contribute their comments in written or verbal form. 

Members of the general public will, most likely, not become actively involved in 

project developmentand implementation.. Although not actively involved, members will 
be provided with project information through the local media and central information 

repository. Members of the general public have the opportunity to participate more 
actively if they chooseto do so. 

A Final Project Agreement (FPA) is an agreement between the USEPA and the 

Sponsors stating the purpose and requirements of the project and how the project is to 
be implemented and evaluated. It is completed through a cooperative effort between the 
USEPA, Sponsors,and the Stakeholders. 

A permit amendmentamends an existing pennit .for a landfill. There are specific 

regulatory and technical requirements that must be met for a successful permit 
amendment. There are prescriptive public participation requirements. A landfill is 
typically permitted under9 V AC 20-80-250 and 9 VAC 20-80-500 of the Virginia Solid 

MEOI69/MDO0426.DOC 31 00.08.01 

I




GeoSyntecConsultants 

WasteManagementRegulations (VSWMR) and by the Code of Virginia, §10.1-1400 et 
seq.However, becausethe bioreactor projects are not typical at landfills the pennits will 
be amendedunder VSWMR, 9 VAC 20-80-480.0 which allows for an experimental 
permitfor innovative treatmenttechnologies. . 

First Contact and Subsequent Meetings3.3.2 

Publi"cMeeting on 1 August 2000 (King George County) and 2 August 2000 
(Amelia County) to solicit comments from the public on the intent of the 
Sponsorsto participate in Project XL 

Public Meetings the week of 14 August 2000 to discuss the draft FPA with the 
citizens. 

Public Meeting and Hearing 16 October 2000 (King George 'County) and 17 
October2000 (Amelia County) to discussthe Draft Permit Amendments for the 
landfills. 

A kickoff meeting scheduled for 1 August 2000 for King George County and 2 
August 2000 for Amelia County will be announced in the local papers the week of 17 
July 2000. Both meetings will be held at 7:00 p.m. A copy of the advertisements are 
provided in Appendix VI and include project information, contact information, and 
repository information. The public will have about 10 to 15 days to respond with 
commentsafter the public meeting is held. Participants may become actively involved 
at the time of the meetings in the continuing process or be put on a mailing list to 
receiveperiodic information. Another public meeting may be held a few weeks later to 
solicit additional participants and comments. As part of .the VADEQ's permitting 
process,a public hearing must be held on eachof the draft pern1itamendments. Details 
of the public hearing process are provided below. It is anticipated that the public 

hearings for each of the draft permits will most likely occur the week of 16 October 
2000. At the second meetings, the Draft FPA will be made available for review and 
COmment.As the FPA is revised and amended, it will. be made available at subsequent 
meetingsand at the local library. The availability of the FPA will be adve~i~ed prior to 
the public hearings held by the V ADEQ. 
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County Endorsement 

The Counties of Amelia and King George endorse the respective projects as 
evidence by letters of support. These landfills have not had major opposition but, rather, 
had public support. Conditions of the host agreementsprovide benefits to the residences 
of both counties through revenue and jobs. The respective projects under Project XL 
would not affect the host agreements,thus the Counties would continue to receive these 
benefits. Thus, any Stakeholder opposition in these counties is anticipated to be 
minimal. However, the sponsors will publish an advertisement describing the desired 
projects as discussedabove. An additional advertisementwill be part of the VADEQ's 
public participation processas outlined below. 

3.3.4 StatePublic Participation Requirements 

Before V ADEQ issuesa permit amendment, it holds a public hearing in the locality to 
solicit comments on the draft permit &om concerned citizens. The public hearing is 
advertised in the local paper. The public hearing is held a minimum of 30 days from the 
date of the advertisement. Public comment period begins the day of advertisement and 
ends 15 days after the public hearing is held. Furthermore, the V ADEQ has a 
standardized mailing list of state agencies to whom a draft permit or notice of draft 
permit is sentto solicit comments. The VADEQ evaluatesthe comments and prepares a 
public responsedocument. The VADEQ Director then decides within 30 days after the 
close of comment period whether or not to issue the permit. Conditions may be imposed 
due to additional state requirements or as a result of public comment. In die initial 
stages of permitting, the applicant notifies all of the adjacent property owners of his 
intent to modify or expand the landfill. In this notification, the project is described and 
contact information is provi~ed. The citizens can comment on the project at this stage or 
at any other stageof the permitting processuntil the permit has beenissued. 

Since both landfills have a valid pernlit, the VADEQ intends to amend the pernlit 
to allow the bioreactor systems as an experimental process. The major amendments 
would be advertised and open to comment as described above. The details of the 
respective projects would be outlined in the advertisements along with contact 
infornlation and document viewing locations. It is anticipated this would help identify 

additional Stakeholders. 

3.3.3 
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3.3.5 Expert Technical Reviewersand Commenters 

There will be specific experts and technical advisors who will review the FPA and 

make appropriate comments on its technical adequacyand regulatory compliance. Some 
of these Stakeholders have already been contacted by the Sponsorsand have agreed, in 
part, to review the project. They include faculty members from Virginia Polytechnic 
Institute and State University (Virginia Tech) and North Carolina State University. 
Specific individuals are not named in this report because,depending 'upon availability, 
they may change over.the cour~eof the review time. Other third-party expert reviewers 
may include Waste Policy Institute, EMCON, and Richardsons and Associates. They 
will be contacted and offered the opportunity to review and comment. 

~ 

3.3.6 Getting the Word Out 

.The public hearings as required by the V ADEQ will be suppl-emented with 
additional Stakeholder meetings, as necessary. A partial mailing list is attached. The 
mailing list would be updated as necessary to include private citizens and other 
interested parties. Periodically, progress reports and other relevant information will be 
distributed. Mail would be sent on a recurring date or as information is made available. 
If desired, the Sponsors will provide site tours and briefings to better educate the 
Stakeholders.Transcripts and video tape recordings of all public meetings and hearings 
will be maintained at the repositories. 

3.3.7 Repository Information 

An official record of the project will be maintained by the Sponsors at 629 East 
Main Street, Richmond, VA, 22129 c/o Paul Farrell, (804) 698-4214. A mirror set will 
be maintained within each county at the local library. The address for the library in 
Amelia County is: the James Hamner Memorial Library, 16351 Dunn Street Amelia, 
Virginia 23002 and the file will be entitled "Amelia County Landfill, Maplewood Site, 
Project XL". The addressfor the library in King George County is: L.F. Smoot Lewis 
Memorial Library, 9533 Kings Highway, King George, Virginia 22485, and the file 
will be entitled "King George County Landfill Project XL". 
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Stakeholder Meetings and FOIA3.3.8 

Once the Stakeholdershave been clearly identified, the Sponsorswill periodically meet 
with the representative of each group or the entire group to discuss issues of concern 
and to disseminate information. Other members of the groups may personally voice a 
concern or receive progress reports during the planned public meetings. All information 
is public domain. Any information that is not currently in the repository may be 
obtained through a "freedom of information act" (FOrA). To facilitate informational 
requests,all FOIA request will be placed on a fast-track. It must still meet all of the 
legal requirements of a FOIA but the information will be provided in a timely manner. 
The information requestedwill then be put in !be repositories for future reference. 

3.3.9 Nationwide Solicitation 

To solicit additional Stakeholder involvement, the Sponsors will contact 
nationwide professional and citizen groups that may have an interest in bioreactor 
technology. The Solid Waste Association of North America has monthly publications to 
disseminate information to its members. Periodically, the Sponsors may attend national 
workshops or seminars. These meetings would be an ideal,forum to presentthe merits 
of the individual projects and to actively recruit Stakeholders. 

3.3.10 StakeholdersShaping the Process 

The initial meetings will solicit comments and provide information to the public in 
order for them to the make an informed opinion of the process. The Stakeholders may, 
at any time, provide to the Sponsors comments on the Proposal. However, in order to 
create an enforceable document, the comments must be incorporated into the final 
permit required by the VADEQ. During the VADEQ public participation process, the 
VADEQ responds to the comments through a public responsedocument. Conditions 
may be imposed due to ,additional V ADEQ requirements or as a result of public 
comment. The permit is an enforceable docUment under the Virginia Solid Waste 

ManagementAct. Public comments shapethe final permit. 
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Innovation or Pollution Prevention3.4 

The proposed project provides a high level of innovation for managing leachate 
andenvironmental quality at a MSW landfill. Although not a new technology, leachate 
recirculation and other bioreactor technologies are not widely used at MSW landfills in 
the United States. The applicant believes that this is due, in part, to a lack of data that 
demonstratesthe benefits of the technologies and infonnation on how to best apply 
thesetechnologies. Current state and Federal regulations also create some limitations 
wherethe proposed;xL project, described in this applica~ion, is intended to provide data 
to further demonstrate the benefits of leachate recirculation and other bioreactor 

technology. 

In addition to being innovative, leachate recirculation arid bioreactor technologies 
representa significant advancementin reducing potential pollution from MSW landfills. 
The key pollution prevention aspects of these technologies are: (i) retention and 
treatmentof leachate in the landfill, where it is well contained and can be processed 
utilized and treated in a secure environment; (ii) decreased impacts to air quality 
throughthe use of landfill gas collection system through the operating life of the facility 
in areaswhere biodegradation is being promoted; and (iii) increasedrate of stabilization 
of waste, which results in improved leachate quality in the long term and a smaller 
potential for impacts to groundwater quality. 

Transferabilitt3.5 

The approaches described in this application have an outstanding degree of 
transferability. The technologies that will be demonstrated during this project can be 
usedat most operating MSW landfills in the United States. Therefore, by applying the 
findings of this project and other leachate recirculation projects, owners and operators 
of MSW landfills across the United States can achieve improved, superior 
environmental performance in terms of groundwater protection, surface-water 
protection, and air protection. In addition, substantial cost-saving benefits can be 
realized resulting from increased disposal capacity, -decreasedleachate management 

costs,and decreasedpost-closure costs. 
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I 3.6 Feasibili!}: 

Leachate recirculation and bioreactor technologies have been used at several other 
waste disposal facilities, as presented on Table 2. Based on the successful applications 
of thesetechnologies and operational experience at other facilities, the proposed project 
is feasible.I 

3.7 Evaluation. Monitorine:. and Accountabili.tY 

3.7.1 Accountability

The two landfills inv<;>lvedin this demonstration project operate under their 
respective Commonwealth of Virginia solid waste and air quality permits. Each permit 
is an enforceable document that carries civil penalties for major violations. The 
Director of the VADEQ has the authority to revoke the permit if necessary. However, 
there have beenno Notices of Violation at either site. 

WM is willing to provide accountability of site environmental compliance through 
a voluntary commitment to achieve the project goals defined in Section 3.1.1. In 
general, the voluntary commitment that WM offers is to maintain or exceedthe level of 
environmental protection provided by the current design and pennit for the facility. In 
the"event that the tenns of the FPA are not satisfied, then WM will discontinue the 
bioreactor programs at the subject landfills. The tenns of the FPA may be incorporated 
into the amended Commonwealth of Virginia pennits as conditions in order to provide 
an enforceable document. Failure to achieve the stipulated goals would be referred to 
the respective WM Regional Compliance and Enforcement Staff for review and action. 

I 

3.7.2 Tracking, Reporting, and Evaluation 

Data collection, evaluation, and reporting requirements are identified in Section 2. 
ill general, for each facility, the data collection and analysis requirements of the XL 
Program features will be reported semiannually to the VADEQ as de~cribed in 

Section3.1.3 or as otherwise required by VAD EQ. 
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3.7.3 Failure to Meet Expected Performance Levels 

In the event that the expected levels of performance are not achieved, then the 

bioreactor programs will be reviewed with the WM and the operation of the facilities 
will be modified to attempt to better achieve expected goals. 

3.8 Shiftin~ Risk of Burden 

WM does not propose to shift the burden of any of the risks associated with 
operating the landfills as a result of this project. In particular, any risk of failure of the 
proposed leachate recirculation or bioreactor systems will be borne by WM. The risks 
that could be shifted include: (i) impacts to media; (ii) impacts to disadvantaged 
communities; and (iii) financial burden of post-closure care or operation. The proposed 
project does not representa shift of risk burden because: (i) the technologies involved 
do not transfer pollutants from one environmental media to another; (ii) there are no 
disadvantagedcommunities near the two sites; and (iii) WM will continue to assumethe 
financial burden of all operations, and monitoring and post-closure care for the 
facilities. In fact, the proposed project results in decreasedoverall risk associated with 
waste managementbecause, in the long term, the accelerated biodegradation provided 
by the project results in a reduced risk of potential impacts from releasesof leachate or 
landfill gasto the environment. 
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DESCRIPTION OF THE REQUESTED 
IMPLEMENTING MECHANISMS 

FLEXIBILITY AND 

4.1 Reguested FlexibilitY

As part of the proposal, WM is requesting that the USEPA grant regulatory 
flexibility from the requirement of the RCRA that prohibits application of bulk liquids 
in MSW landfills, as presented in 40 CFR 258.28. This specific regulation deals with 
the application of liquids in the following manner: 

it restricts recirculation of leachateto landfills that have a liner system that has a 
60-mil thick geomembrane overlying a 2-ft thick layer of clay having a 
hydraulic conductiyity no greaterthan 1x10-7cm/sec; and 

it prohibits the placement of liquid wastes other than leachate in .any MSW 
landfill. . 

As described in.Section 2, liquids are needed to enhancethe biological degradation 
of waste in the landfills. Therefore, WM proposesto add liquids to both landfills and to 
add certain nonhazardousliquid wastes (e.g., leachate, stonnwater, gray water, septic 
waste, etc.). The Maplewood Landfill currently has an active landfill gas collection 
system that is in operation; if odor problems or air quality problems occur, then the 
systemwill be expandedas needed (e.g., using additional extraction wells or trenches or 
by placing less permeable cover and affected areas). Further, both the Maplewood and 
King George County Landfills have liner systems that are superior in performance to 
the liner system described above. Because such addition of liquids is prohibited at 
landfills having the type of liner system that was constructed at the Maplewood and 

King George County Landfills, flexibility is needed from the requirements of 40 CFR 
258.28to proceed with the project. 
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~alIv Implementine Mechanisms4.2 

To implement this Project, the parties intend to take the following steps: 

EPA expects to propose for public comment and promulgate a site-specific 
rule amending 40 CFR 258.28 for the Maplewood and King George County 
Landfills. This site-specific rule will describe the project requirements and 
any other aspectsof the rulemaking. It is expected that the site-specific rule 
will provide for Withdrawal or Tennination and a Post-Project Compliance 
Period consistent with Section VII, and will addressthe Transfer procedures 
included in Section X. The standardsand reporting requirements set forth in 
Section II (and any attachments to this FPA) will be implemented in this 

site-specific rul.emaking. 

The Commonwealth of Virginia under its relevant auth.o.rityexpects to 
modify any permits necessaryto implement this FPA. 

Except as.provided in any rule(s), compliance order(s), permit provisions or 
other implementing mechanisms that may be adopted to implement the 
Project, the parties do not intend that thIs FPA will modify or otherwise alter 
the applicability of existing or future "laws or regulations to the Maplewood 
or King George County Landfills. 

By signing this FPA, USEPA, the Commonwealth of Virginia anodits local 
authorities acknowledge and agree that they have the respective authorities 
and discretion to enter into this FPA and to implement the provisions of this 
project, to the extent appropriate. 

4.3 Compliance and Enforcement Histoa 

V ADEQ has the regulatory authorities over Maplewood and King George County 
Landfill. Staff at the V ADEQ conduct air, waste, and wastewater inspections at the two 
facilities on a regular basis. The compliance and enforcement history of the facilities 
has beenreviewed for this particular application. 
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WasteInspection. Conducted monthly by the V ADEQ's Northern Virginia 
Regional Office. The VADEQ has reviewed the most recent 12 monthly 
inspection reports. The overall rating for each inspection is satisfactory. No 
Notice of Violation has beenissued. 

Air Inspection. In 1990, the USEPA established an Operating Pennit 
Program under Title V (40 CFR Part 70) of the Federal Clean Air Act 
(CAA). Title V is an operating pennit program, enforced through federal 
and state rules, requiring compilation of an air emissions inventory, 
identification of applicable regulations, and certifications of compliance. 
This facility. has submitted a Title V permit application to the VADEQ and 
the approval is pending. However, the facility was issued a State Operating 
Pennit and is inspected annually by the V ADEQ's Fredericksburg Satellite 
Office. The applicable regulations include New Source Perfonnance 
Standards(NSPS) and State Implementation Plan (SIP). The review on the 
recent annual inspection reports indicates that the facility is in good standing 
with the applicable regulations. 

Stormwater Inspection. The leachate generated in this facility is hauled to 
and treated in a public owned wastewater treatment facility. The facility is 
exempt from the requirements of the Virginia Pollutant Discharge 
Elimination System (VPDES) permit for its stormwater run-off control. 
Stormwater is monitored in accordance with an agreementbetween WM and 

King George County. The run-off stormwater is collected into 
sedimentation basins via conveyance channels before being discharged to 
natural waterways. Diversion channels were constructed to minimize 
stormwater run-on. 

MaplewoodLandfill 

Waste Inspection; The waste inspection is conducted monthly by the 
VADEQ's Piedmont Regional Office. The VADEQ has reviewed the most 
recent 12 inspection reports. The overall rating for each' 'inspection is 
satisfactory. No Notice of Violation has beenissued. 
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Air Inspection. Sameas King George County Landfill, the facility submitted 
a Title V pennit application and the approval is pending. However, the 
facility holds a valid new Source Review (NSR) pennit and the air 
inspection is conducted once a year by the V ADEQ's Lynchburg Satellite 
Office. The inspection reports for the past three years have been reviewed 
by the V ADEQ. The results of the three reports indicate that the facility has 
been in compliance with the applicable regulations which include NSPS and 
SIP.I 
Stormwater Inspection. Currently, leachate generated from this facility is.collected 

and temporarily stored in the storage tanks on site. The leachate is 
then hauled to a treatment facility for further treatment. Direct discharge of 
leachate to surface water is prohibited in this facility. The facility has a 
VPDES permit' for its stormwater run-off control. Perimeter diversion and 
collection channels are constructed for run-off and run-off storm water 
control respectively. The run-off stormwater enters to sedi"Ii1entatlonbasins 
before being discharged to surface waterway. 

i 
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DISCUSSIONOF INTENTIONS AND COMMITMENTS FOR 
IMPLEMENTING THE PROJECT 

5. 

5.1 Intentions and Commitments 

WM would like to operatethe areasidentified in Section 1 as controlled bioreactor 
landfills to attain a number of superior environmental and cost savings benefits. The 
county is committed to working with federal, state, and local governments to 
demonstrate, with regulatory flexibility, how a bioreactor landfill can attain more 
desirableenvironmental results than a conventional landfill. 

5.2 WM's and the CommonwealthofVir~inia's Intentions and 
Commitments 

WM intends to propose and have issued (subject to applicable.procedures and 
review of public comments) a site-specific rule, amending 40 CFR Part 258.28, that 
applies specifically to the WM Maplewood and King George County Landfills. The 
site-specific rule will also provide for withdrawal or termination and a post-Project 
compliance period consistent with Section XII of this Agreement, and will addressthe 
transferprocedures included in Section IX. The standards and reporting requirements 
setforth in Section 5.5 will be implemented in the site specific rule. 

5.3 Project XL Performance Targets 

SeeTable 6, Superior Environmental PerfOmlance. 

5.4 ProDosed Schedule and Milestones 

This project will be developed and implemented over a time period necessary to 
complete its desired major objectives, beginning from the date that the final legal 
mechanismbecomeseffective, unless it is terminated earlier or extended by agreement 
of all Project Signatories. An expected timeline is shown on Figure 6. 
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5.5 Project TrackinQ:. ReDortinQ:and Evaluation 

The project tracking, reporting and evaluation will be accomplished for project 
sponsors including WM in accordancewith, among other things, WM requests and the 
reporting requirements set forth by this FPA and other requirements set forth by 
V ADEQ. The topics tracked, reported and evaluated have been referred to above in 
Section 5.4 and summarized in Figure 6. 

5.6 Periodic Review bv the Parties to the A2reement 

The Parties will hold periodic perfonnance review conferences to assess their 
progress in implementing this Project. Unless they agree otherwise. the date for those 
conferences will be concurrent with annual Stakeholder Meetings. No later than 30 
days following a periodic perfonnance review conference. WM will provide a summary 
of the minutes of that conference to all Direct Stakeholders. Any o.thercomments of 

participating Stakeholderswill be reported to WM. 

5.7 Duration 

This Agreement will remain in effect for 5 years after signing, unless the Project 
ends at an earlier date, as provided under Section 8 (Amendments or Modifications); 
Section 11 (Withdrawal or Termination), or Section 9 (Transfer of Project ~enefits and 
Responsibilities). The implementing mechanism(s) will contain "sunset" provisions 
ending authorization for this Project 4 years after the effective date of the implementing 
mechanism(s). They will also address withdrawal or termination conditions and 
procedures (as described in Section 11). This Project will not extend past the agreed 
upon date, and WM will comply with all applicable requirements following this date (as 
described in Section 12), unless all parties agree to an amendmentto the Project term 
(as provided in Section 8). 
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LEGAL BASIS FOR THE PROJECT 

6.1 Authority to Enter Into the A~reemeg! 

By signing this Agreement, all signatories acknowledge and agree that they have 
the respective authorities, discretion, and resourcesto enter into this Agreement and to 

implement all applicable provisions of this Project, as described in this Agreement. 

I 
6.2 Leeal Effect of the A!!reement 

This Agreement states the intentions of the Parties with respect to WM's XL 
Project. The Parties have s.tatedtheir intentions seriously and in good faith, and expect 
to carry out their stated intentions. This Agreement in itself does not create or modify 
l~gal rights or obligations, is not a contract or a regulatory action, such as a permit or a 
rule, and is not legally binding or enforceable against any Party. Rathe-r;it expressesthe 
plans and intentions of the Parties without making those plans and intentions binding 
requirements. This a.ppliesto the provisions of this Agreement that concern procedural 
as well as substantive matters. Thus, for example, the Agreement establishes 
procedures that the parties intend to follow with respect to dispute resolution and 
tennination (seeSections 10 and 11). However, while the parties fully intend to adhere 
to theseprocedures,they are not legally obligated to do so. 

WM intends to propose for public comment a site specific rule making needed to 
implement this Project. Any rules, pennit modifications or legal mechanisms that 
implement this Project will be effective and enforceable as provided under applicable 
law.I 

This Agreement is not a "final agency action" by WM, because it does not create 
or modify legal rights or obligations and is not legally enforceable. This Agreement 
itself is not subject to judicial review or enforcement. Nothing any Party does or does 
not do that deviates from a provision of this Agreement, or that is alleged to deviate 
from a provision of this Agreement, can serve as the sole basis for any claim for 

damages,compensationor other relief against any Party. 

I 
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6.3 Other Laws or Re!!:uIations That Mav A~~Iy 

Except as provided in the legal implementing mechanisms for this Project, the 
parties do not intend that this FAP will modify any other existing or future laws or 

regulations. 

6.4 Retention of Ri2hts to Other Le2al Remedies 

Except as expressly provided in the legal implementing mechanisms described in 
Section IV, nothing in this Agreement affects or limits, WM's, the VADEQ's, or any 
other signatory's legal rights. These rights include legal, equitable, civil, criminal or 
administrative claims or other relief regarding the enforcement of present or future 
applicable federal and state laws, rules, regulations or pennits with respect to the 
facility . 

Although WM does not intend to challenge agency actions implementing the 
Project (including any rule amendments or adoptions, permit actions, or other action) 
that are consistent with this Agreement, WM reserves any right it may have to appeal or 
other\Visechallenge any USEPA, Commonwealth of Virginia, or local agency action to 
implement the Project. With regard to the legal implementing mechanisms, nothing in 
this Agreement is intended to limit WM's right of to administrative or judicial appeal or 
review of those legal mechanisms, in accordance with the applicable procedures for 
suchreview. 
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7. 

"Unavoidable delay" (for purposes of this Agreement) means any event beyond 
the control of any Party that causesdelays or prevents the implementation of the Project 
described in this Agreement, despite the Parties' best efforts to put their intentions into 
effect. An unavoidable delay can be causedby, for example, a fire or acts of war. 

When any event occurs that may delay or prevent the implementation of this 
Project, wnether or not it is avoidable, the Party to thi~ Agreement who knows about it 
will immediately provide notice to the remaining Parties. Within ten days after that 
initial notice, the Party should confirm the event in writing. The confirming notice 
should include: (i) the reason for the delay; (ii) the anticipated duration; (iii) all actions 
taken to prevent or minimize the delay; and (iv) why the delay was considered 

unavoidable, accompanied by appropriate documentation. 

If the Parties, agree that the delay is unavoidable, then relevant.parts of the project 
schedule (see Section 5) will be extended to cover the time period lost due to the delay. 
If they agree, they will also document their agreement in a written amendment to this 
Agreement. If the Parties don't agree, then they will follow the provisions for Dispute 
Resolution outlined below. 

This section applies only to provisions of this Agreement that are not implemented 

by legal implementing mechanisms. .Legal mechanisms, such as permit provisions or 
rules, will be subjectto modification or enforcement as provided under applicable law. 

~ 
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8. AMENDMENTS OR MODIFICATIONS TO THE AGREEMENT 

8.1 General Reauirements 

This Project is an experiment designed to test new approachesto environmental 
protection and there is a degree of uncertainty regarding the environmental benefits and 
costs associated with activities to be undertaken in this Project. Therefore, it may be 
appropriate to amendthis Agreement at some point during its duration.I 

This FPA may be amended by mutual agreementof all parties at any time during 
the duration of the Project. The parties recognize that amendmentsto this Agreement 
may also necessitatemodification of legal implementation mechanisms or may require 
development of new implementation mechanisms. If the Agreement is amended, WM 
and USEPA expect to work together with other regulatory bodies and stakeholders to 
identify and pursue any necessary modifications or additions to the implementation 
mechanisms in accordance with applicable procedures (including public notice and 
comment). If the parties agree to make a substantial amendmentto this Agreement, the 
general public will receive notice of the amendment and be given an opportunity to 

I 

I 

I participate in the process,as appropriate. 

I 
The parties to this FPA agree to evaluate the appropriateness of a modification or 

"reopener" to the FPA according to the provisions set forth below.

I 1. During the minimum project tenn~ WM may seek to reopen and ~odify this 
FPA in order to addressmatters covered in the FPA, including failure of the project to 
achieve superior environmental results, or the enactment or promulgation of any 

I environmental, health, or safety law or regulation after execution of this FPA which 
renders the project legally, technically, or economically impractical. To do so, WM 
will submit a proposal for a reopener under this section to USEPA, WM, and all 
applicable local agencies for their consideration. USEPA, and all applicable local 
agencies will review and evaluate the appropriateness or such proposal submitted by 
WM. USEPA, WM, and all applicable local agencies may also elect to initiate 
withdrawal or termination under Section 7 of. this FPA, which shall supersede 
application to this section. 
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2. In detennining whether to reopen and modify the FPA in accordance with any 

reopener proposal(s) submitted by WM under this section, USEPA, WM, and all 
applicable local agencies will base their decision upon the following: (a) whether the 
proposal meets Project XL criteria in effect at the time of the proposal; (b) the 
environmental benefits expected to be achieved by the proposal; (c) the level of 
emissions or effluent included in the proposal; (d) other environmental benefits 
achieved as a result of other activities under the proposal; and (e) and adverse 
environmental impacts expectedto occur as a result of the proposal. 

3. All parties to the FPA will meet within 90 days following submission of any 

reopenerproposal by WM to USEPA, the VADEQ, and all applicable local agencies (or 
within such shorter or longer period as the parties may agree)to discuss the Agencies' 
evaluation of the reopenerproposal. If, after appropriate stakeholder involvement, the 

Agencies support reopening of this FPA to incorporate the proposal, the parties (subject 
to any required public comment) will take steps necessary to amend the FPA. 
Concurrent With amendment of this FPA, USEPA, WM, and all applicable local 
agencieswill take steps consistent with this Section IV to implement the proposal. 

4. It is noted at this point that the intent by WM, upon successfulresults, to operate 
the ensuing landfill module as a bioreactor could be a "reopener". If this is agreeableto 
all parties to the present agreement, it would be most convenient to extend the 
agreementto cover subsequentmodule or modules at the Landfills, with a minimum of 
stakeholder work.. 

8.2 StateReauirements 

In accordancewith 9 V AC 20-80-480.G, "The director may issue an experimental 

facility permit for any solid waste treatment facility which proposes to utilize an 
innovative and experimental solid waste treatment technology or process... ", 
Maplewood and King George County Landfill, will submit permit amendment 
applications to obtain experimental permits for the proposed bioreactor landfill areas. 
Specific criteria will be developed by the Office of Waste Permitting at VADEQ to 
guide the design, operation, and construction of bioreactor landfills. The staff in the 
office will review the experimental permit application from different aspects including 
local certification, design, construction, operation, closure, variance, finance assurance, 
and public participation. 
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In the current permits, both facilities hold a variance to a 9 V AC 20-80-250.B.9 
that is the composite liner as required by RCRA Subtitle D and VSWMR. Under the 
current federal and state regulations, the facilities must file variance petitions for 

recirculating leachate within landfills underlain by alternate liner systems. In addition, 
King George County Landfill must submit an additional variance petition for 
introducing bulk liquids into the proposed bioreactor landfill area. 

If the permit applications are found to be administratively complete and technically 
acceptable, draft perrI1its will be developed by the V ADEQ. The permit issuance 
procedure will follow 9 V AC 20-80-500.E, in which a public notice of the draft permit 
shall be made and a public hearing shall be held subsequently. The VADEQ director 
will make a final decision to the permit, to deny a permit or to amend the draft permit
within 30 days of the close of the hearing comment period. . 

In accordance with 9 VAC 20-80-480.0, an experimental permit shall provide for 
operatio~ of the facility for no ,longer than one calendar year unless renewed as 
provided in 9 V AC 20-80-480.0.3 which stipulates that the permit may be renewed no 
more than three times with each renewal for a period of not more than one calendar 

year. 

At this point, amendments on air or stormwater permits are not anticipated for 
either facilities. However, the VADEQ Office of Waste Permitting will work with 
other permitting groups if any amendments on air or stormwater becomenecessary. 
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9. TRANSFER OF PROJECT BENEFITS AND RESPONSIBILITIES TO A 
NEW OWNER 

The parties expect that the implementing mechanisms will allow for a transfer of 
WM's benefits and responsibilities under the Project to any future owner or operator 
upon request of \\1M and the new owner or operator, provided that the following 
conditions aremet: 

A. WM will provide ~tten notice of any such proposed transfer to the WM' the 
Commonwealth of Virginia, and all applicable local agencies at least90 days before the 
effective date of the transfer. The notice is expected to include identification of the 
proposed new owner or operator, a description of its financial and technical capability 
to assumethe'obligations ~sociated with the Project, and a statementof the new owner 
or operator's intention to take over the responsibilities in the XL Project of the existing 
owner or operator. 

B. Within 45 days of receipt of the written notice, the parties expect that WM, 
the Commonwealth <?fVirginia, and all applicable local agencies in consultation with 
all stakeholders, Will detennine whether: (i) the new owner or operator has 
demonstrated adequatecapability to meet WM's requirements for carrying out the XL 
Project; (ii) is willing to take over the responsibilities in the XL Project of the existing 
owner or operator; and (iii) is otherwise an appropriate Project XL partner. Other 
relevant factors, including the new owner or operator's record of compliance with 
Federal, state and local environmental requirements, may be considered as well. It is 
expected that the implementation mechanism will provide that, so long as the 
demonstration has been made to the satisfaction and unreviewable discretion of WM, 
the Commonwealth of Virginia, and all applicable local agencies and upon 
consideration of other relevant factors, the FPA will be modified to allow the proposed 
transferee to assumethe rights and obligations of WM. In the event that the transfer is 
disapproved by any agency, withdrawal or tennination may be initiated, as provided in 
Section 11. 

It will be necessary'to modify the Agreement to reflect the new owner and it may 
also be necessary for WM, the Commonwealth of Virginia, and all applicable local 
agencies to amend appropriate rules, permits, or other implementing mechanisms 
(subject to applicable public notice and comment) to transfer the legal rights and 

51 00.08.01MEOI69/MDO0426.DOC 



I 
GeoSynt~cConsultants 

obligations of WM under this Project to the proposed new owner or operator. T4e 
rights and obligations of this project remain with WM prior to their final, .legal transfer 
to the proposed transferee. .I 

I 

I 
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10. PROCESSFOR RESOLVING DISPUTES 

Any dispute which arises under or with respectto this Agreement will be subject to 
informal negotiations between the parties to the Agreement. The period of informal 
negotiations will not exceed 20 calendar days from the time the dispute is first 
documented, unless that period is extended by a written agreementof the parties to the 
dispute. The dispute will be considered documented when one party sends a written 
Notice of Dispute to the other parties. 

If the parties cannot resolve a dispute through infonnal negotiations, the parties 
may invoke non-binding mediation by describing the dispute with a proposal for 
resolution in a letter to the Regional Administrator for USEPA Region 3, with a copy to 
all parties. The Regional Administrator will serve as the non-binding mediator and may 
request an infonnal mediation meeting to attempt to resolve the dispute. He or she will 
then issue a written opinion that will be non-binding and does not c°n.stitute a final WM 
action. If this effort is not successful, the parties still have the option to tenninate or 
withdraw from the Agreement, as set forth in Section 11 below. 
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11. WITHDRAWAL FROM OR TERMINATION OF THE AGREEMENT 

11.1 Exnectations 

Although this Agreement is not legally binding and any party may withdraw from 
the Agreement at any time, it is the desire of the parties that it should remain in effect 
through the expected duration of 5 years, and be implemented as fully as possible unless 
one of the conditions below occur: 

Failure by any party to: (i) comply with the provisions of the enforceable 
implementing mechanisms for this Project; or (ii) act in accordance with the 
provisions of this Agreement. The assessmentof the failure will take its 
nature and duration into account. 

2. Failure of any party to disclosematerial facts during de~elopmentof the 

Agreement. 

3. Failure of the Project to provide superior environmental perfonnance 
consistent with the provisions of this Agreement. 

4. Enactment or promulgation of any environmental, health or safety law or 
regulation after execution of the Agreement, which renders the Projec~ 
legally, technically or economically impracticable.

I 
5. Decision by an agencyto reject the transfer of the Project to a new owner or 

operator of the facility. 

In addition, WM, the USEPA, and all applicable local agencies do not intend to 
withdraw from the Agreement ifWM does not act in accordancewith this Agreement or 
its implementation mechanisms, unless the actions constitute a substantial failute to act 
consistently with intentions expressed in this Agreement and its implementing 
mechanisms. The decision to withdraw will, of course, take the failure's nature and 

duration into account. 
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WM will be given notice and a reasonable opportunity to remedy any "substantial 
failure" before WM's withdrawal. If there is a disagreement betweenthe parties over 
whether a "substantial failure" exists, the parties will use the dispute resolution 
mechanism identified in Section 10 of this' Agreement. WM, the USEPA, and all 
applicable local agencies retain their discretion to use existing enforcement authorities, 
including withdrawal or tenIlination of this Project, as appropriate. WM retains any 
existing rights or abilities to defend itself against any enforcement actions, in 
accordancewith applicable procedures. 

11.2 Procedures 

The parties agree that the following procedures will be used to withdraw from or 
.terminate the Project before expiration of the Project term. They also agree that the 
implementing mechanism(s) will provide for withdrawal or terminatio,nconsistent with
.theseprocedures. ' 

1. Any party that wants to terminate or withdraw from the Project is expected 
to provide written notice to the other parties at least sixty days before the 
withdrawal or termination. 

2. If requested by any party during the sixty day period noted above, the 
dispute resolution proceedings described in this Agreement may be initiated 
to resolve any dispute relating to the intended withdrawal or tern1ination. If, 
following any dispute resolution or iIlforn1al discussion, a party still desires 
to withdraw or teIminate, that party will provide written notice of final 
withdrawal or tern1inationto the other parties. 

3. If any agency withdraws or terminates its participation in the Agreement, the 
remaining agencies will consult with WM to determine whether the 
Agreement should be continued in a modified form, consistent with 
applicable federal or State law, or whether it should be terminated. 

4. The procedures described in this section apply only to the decision to 
withdraw or tenninate participation in this Agreement. Proceduresto be used 
in modifying or rescinding any legal implementing mechanisms will be 

I 
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governed by the terms of those legal mechanisms and applicable law. It may 
be necessaryto invoke the implementing mechanism's provisions that end 
authorization for the Project (called "sunset provisions") in the event of 

withdrawal or termination. 

I 
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J 12. COMPLIANCE AFTER THE PROJECT IS OVER 

Introduction12.1 

The parties intend that there be an orderly return to compliance upon 

completion, withdrawal from, or termination of the Project, asfollows: 

12.2. Orderl eturn to Com liance with Otherwise A ..ns if 
the Project Term is ComDleted 

If, after an evaluation, the Project is tenninated becausethe tenn has ended, then WM 
will. return to. compliance with all applicable requirements by the end of the Project 
tenn, unless the Project is amended or modified in accordance with Section 8 of this 
Agreement (Amendments or Modifications). WM is expectedto anticipate and plan for 
all activities to return to compliance sufficiently in advance of the end of th"eProject 
tenn. WM may requesta meeting with the USEPA, and all applicable local agenciesto 
discuss the timing and nature of any actions that they will be required to take. The 
parties should meet Within thirty days of receipt of WM's written request for such a 
discussion. At and following such a meeting, the parties should discuss in reasonable, 
good faith, which of the requirements deferred under this Project will apply after 
tennination of the Project. 

12.3 Orderly Return to ComDliance with Otherwise ADDlicable Reeulations in 
the Event of Early Withdrawal or Termination 

In the eventof a withdrawal or tem1ination not based on the end of the Project tem1 
and where WM has made efforts in good faith, the parties to the Agreement will 
detem1ine an interim compliance period to provide sufficient time for WM to return to 
compliance with any regulations deferred under the Project. The interim compliance 
period will extend from the date on which WM, the Commonwealth of Virginia, and all 
applicable local agencies provides written notice of final withdrawal or tem1ination of 
the Project, in accordancewith Section 11 of this Project Agreement. By the end of the 
interim compliance period, WM will comply with the applicable deferred standards set 
forth in 40 CFR Part 258.28. During the interim compliance period, WM, the 

I 

MEO 169/MDO0426.DOC 57' 00.08.01 

.




. 

GeoSyntecConsultants 

Commonwealth of Virginia, and any applicable local agency may issue an order, 
permit, or other legally enforceable mechanism establishing a schedule for WM to 
return to compliance with otherwise applicable regulations as soon as practicable. This 
schedule cannot extend beyond six months from the date of withdrawal or termination. 
WM intends to be in compliance with all applicable Federal, State, and local 
requirements as soonas is practicable, as will be set forth in the new schedule. 

i 
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13. SIGNATORIES AND EFFECTIVE DATE 

I 
[To Be Completed] 

I 

J 

I 

I 

I 

I 

I 

I 

J 
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I' . TABLE 1- PROJECT XL CRITEm: EVALUATION SUMMARY 

GeoSyntecConsultants 

I 
.DOES PROPOSED LOCATION IN 

CRITERION PROGRAM MEET APPLICATION WHERE 
I ? 

REQUIREMENT. 
REQUIREMENT IS 

ADDRESSED 

.A. SuperiorEnvironmentalPerfon11ance 

I a. Tier I: ProjectEquivalence yes' 3.1.1 

b. Tier 2: SuperiorEnvironmental yes 3.1.2 
I Perfon11ance 

c. Measurementof Environmental yes 3.1.3 
Perfon11ance 

-B. Flexibility and OtherBenefits yes 3.2 

C. StakeholderInvolvement yes 3.3 

-D. 
 Innovationin PollutionPrevention yes 3.4 

E. Transferability yes 3.5 

-F. Feasibility yes 3.6 

G. Evaluation,Monitoring,and yes 3.7-Accountability .. 

H. Shifting of Risk Burden yes 3.8 

-
Reference: USEPA [1999] 

-.' 

-

~ MEOI69/MDO0426.TBL 00.08.01�

~�
~�



.. 

i'Cil\i,""""",: CC.,'t' J "",' :.,"'"C"C", ...,,1"'1 I .!' "c" 
ll i',"'"""I"!,'IWfi...,,~__~C""" ~~",",IJI".., .""L ,~","l,.,,"",....,. 



.. 

-:2 

~..~
~

..~
-

~
 

I 
,I 

~
 

1:! 
~'"" 

m
 

:2
~

 
'" 

:1J 
U

 
§ 

; 
!--

I 
~

 

~
 

u--g 

=
 

~
 

~
 

~
 

C
fj 

-<
 

:. 
~

 
0 

c;... 
~

 
-0 

u 
c.. 

~
 

0.) 
U

 
z: 

.5 
~

 
~

 
0 

~
 

>
 

, 
-.. 

"2 
O

!--
.,;.£' 

0 
~

 
j 

E
 

~
 

~
 

~
::J 

~"'.. 
'd

-u 

~
 

~
 

~
 

~
 

.~
0 

-.C
 

E
 

a 
~

 
~

 
E..g 

u 
~

 
c;... 


,.; 
.'" 

u 
0.) 

'" 
U

O
/) 

~
 

U
 

0 
E

 
..'" 

-U
 

-.-
>

. 
~

 
-0 .- c 

u 
'-. 

>
. 

-'" 0 
.:=

 
'-"' 

0
U

 
<

 
r_' 

-0 
'" 

'" 
0.) 

c
., 

0.)"
-'" 

... 
c 

u'-
o .--

-.-
~

 
:t: 

>
-

0. 
~

 
~

 
'" 

0 
u 

0 
-u-

cc 
~

 
-0 

c 
->

. 
',=

 
~

 
u 

u 
u 

0

0/) 
-~

 
E

E
0 

~
 

.-
0 c 

,... 
~

.c 
0.) 

_
0.. 

:2 .~
-0.) 

->
. 

~
 

-t: 
.-~

 
~

 
0

-u 
>

.
0.) C

 
-U

 
.-.u 

.-.u 
"'-

-~
 

=
 0 

~
O

/)~
 

>
-"'c 

~
 

~
'5 

~
~

 
~

 
-c'~

 
-~

 
Q

 
-0.) 

'" 
.-E

 
t=

 .g 
.-.c...: 

'~
 

.Q
 

u:2
c-

O
 

~
 

~
 

0.
-~

 
0.) -'" 

E
 

Z
 

Z
 

- u 
0 ..c~

.", .-.~
 

u -"'.. 
~

 
., 

~
 

0 
~

-u u 
~

-
u 

--.Q
",~

 
°.c

~ .~
 

.c 
~

o 
0--Q

u 
O

/) 
O

/)uc 
-0. 

<
 

.-<
 

u 
0.)"; 

-u 
0. 

~
 

0.) 
.5 

g 
;: 

-=
 

E
 

~
 

c:: 
0.) 

.oJ 
~

 
~

 
-u 

0.) 
0..-

--0 
.-u 

0 
~

 

Z
 

.oJ 
~

 
~

"8 
~

 
.g 

~
 

~
 

§ 
~

 
0" 

.g 
It: 

.~
 

:; 
~

 
] 

~
 

'-
'-".-

t=
..,.U

.c 
0 

"'0/)c 
0->

-
".:

0 
-0.) 

>
-

.,sco.U
o~

-
U

 
a 

-'-
=

 
~

 
-::. 

~
 

-0 
0.) 

cd 
~

 
~

 
0. 

0 
t 

0/) -.~
 

0 
C

,... 
8 

0 
.-'" 

0.) U
 

~
 

Z
 

~
 

~
 

t1J 8 
~

 
-;; 

0. 
~

 
~

 
~

 
a 

~
 

~
.~

 
U

 
-a 

~
 

~
 

.5 
~

 
<

 
-<

 
~

 
-~

 
~

 
C

o ~
 

~
 

~
 

B
 

U
 

~
 

'u 
u 

~
 

u 
~

 
~

 
~

 
§ 

:2 
~

 
.oJ 

~
 

0 
0 

0. 
'" 

'"" 
.-'" 

~
 

-~
 

>
 

"O
J >

-
U

 
-U

 
.-c

~
 

-,U
 

~
 

-fi~
:I:~

 
0 

~
 

--'" 
.Q

>
-;B

~
=

~
~

g.c..O
.)~

:::~
~

~
~C

 .c 
...~

.. 
0.) 

-C
 

-~
-

'-

U
 

0 
.-.;: 

~
 

0 
:2... 

.-'-
U

 
C

 
O

.).c-
-a 

u,..-c 
,-

Z
 

-O
.)E

U
U

-O
~

N
.c:2u 

0.)0 
O

/) 
E

.c"iQ
;:>

-O
.)o~O

.)U
O

.». 
~

 
0 

~
.. 

0 
~

 
:2 

.-E
 

~
 

c 
u 

..~
 

0 
0. 

-fi 
P

o 
u 

..~
-

--~
 

~
 

0 
u 

.Q
 

0/) 
~

 
'-

0/) 
0 

,... 
~

 
~

"O
 

""0 
"iQ

-=
 

U
 

~
 

'" u, 
\C

 
.c 

.--~
 

.t: 
:2 

C
 

0 
0/) 

C
 

--u 
~

 
u>

"0 
0 C

Q
. 

-N
 

~
 

'" 
.£0.) 

C
 

'in 
'" 

.,s 
u 

-'" 
u 

P
o 

~
 

:2 
-t 

.~
 

..C
 

C
 

>
.'in 

:2 
u.-

'" 
u 

:2 
.c 

..'-
E

 
~

 
=

 
~

 
.~

 
>

 
"g 

~
 

0 
0 

'd 
:2 -"iQ

 
~

.a 
~

 
u 

~
 

~
 

~
 

'-"' 
-

U
 

8 
E

 
~

 
-; 

..~
 

'~
~

 
..=

 
"O

J-fi 
"g 

~
 

':' 
>

 
~

 
.g 

~
 

~
 

,.-, 
m

 
u 

,-
u 

0. 
U

 
'" 

-0/) 
U

 
U

 
0.) 

~
 

C
 

U
 

0 
~

 
'" 

U
 

0 
-\ij 

..~
 

.5 
'0 

"iQ
 

~
 

a 
0 

"iQ
 

0.) 
~

 
~

 
;: 

0/) 
--~

 
..>

",=
 

~
 

0 
0.) 

-.c 
0 

..0 
.c 

U
 

0.) 
~

 
U

'-
0 

0 
-.-

~
~

 
':' 

C
o =

 
=

 
~

 
t: 

.u 
o. 

~
 

~
 

':' 
S0 

~
 U

 
>

 
t 

.c 
0 9 

.t: 
~

 
-=

 :2.- ~
-g

0
N

 
0. 

U
 

,... 
U

 
:2 

U
 

\C
 

U
 

':' 
~

 
=

 
~

<
U

-..J~
~

, 
J~

-~
U

-<
~

N
>

<
t1JO

.) 

-~
 


~
 

~
 

>
. 

~
 

a 
~

 
~

 
tn 

.<
 

:§
U

 
~

 
C

fj 
0 

'" 
I 

~
 

§ 
Q

 
~

 
>

. 
>

. 
',=

 
~

 
~

 
~

 
~

 
~

 
~

 
0

:2 
:2 

U
 

--
--0.
tn 

tn 
0 

-~
 

U
 

U
 

r.. 
c.. 

-' 
-U

 
,.~

 
>

 
B

 
~

 
-a

-!--tn 
tn 

0.)
0 

' 
, 

tn 
~

 
, 

U
 

"O
J 

=
 

, 
~

 
-~

 
&

 

.-
<

 
.. 

~
 

~
 

~
 

C
 

-
~

 
0 

~
 

..J' 
-, 

z 
~

5 -=
 

--<
 

r-: 
C

fjI 

z 

.t: 
E

 
~

 
O

m
 

O
u 

~
 

N
 


-~
 

i;i' 
.,s~

 
=

 
~

 
8 

!--u 
~

 
:2c 

~
 

~
 

Q
 

~
 

-<
z 

~
 

<
~

 
~

 
-~

�
~

 
u~

 
-",-

~
~

 
a 

c" 
0-�

-0 �
-

-.oJ~
~

-~
 

~
 

;: 
.-'" 

U
 

~
 

..J 
'" 0 

-D
~

-~
 

-

<
 

b ~
.§~

~
 

~
~

~
 

~
<

.g 
~

 
c;... 

~
 

0/)' 
~

;>
-~

 u\C
 

:2~
C

 
~

 

-
C

-~
 

0.<
 

~
 

%
 

t1J~
a 

;:0:20~
 

ut 
.., 

a 
tn-

~
 

o~
 

0 
~

u§ 
u~

c"-. 
~

~
a 

~
 

._~
'" 

~
-~

.-
._ 

~
 

~
~

o~
 

.-~
-'" 

.cuc~
 ,-

'" 
..-:2 

E
 ~

 .£ 
~

 
.Q

 
~

-~
'" 

0_-
..0 

-C
c~

 
O

.)-~
 

ou~
>

-tn-
~

u~
>

 U
tn-

>
'~

7
..J;>

c. 

I 
~

 

",-
""-

.~
..,'".., 

~
 

'd 
11114"",~

il_,.c 
I, 

. 



-

.. 

~"~I I" "'JI'"' I II ~_Hi..lllo'""",_!,I!.:"",,. 



--

--

.-.
U

U

--

U
 

~
.

... 
I 

-=
, 

§ 
<

:) 
';; 

N
 

...cu 

.' 
, 

...0 
---~

, 
..

0 
I 

r/) 
00 

-5 
~

 
' 

... 

~
 

=
 

=
 

'"
0

.-
0 

u 
.c

U
 

'" 
u 

--=
:!J 

-~
 

E
 

:.. 
=

.-
. 

~
 

'Q
, 

~
 

~
 

E
-

"""~
 

.0 
I" 

0 

=
 

U
 

~
~

 
E

N
E

 
~

 
00 

~
~

 
=

~
~

 
'" 

0 
'" 

<
:) 

cu 
r-. 

'- 0 
0, 

I 
~

 
Q

, 
'-

0/"1 
0 

>
 

0 

0 
t: 

-u 
0

U
 

~
 

=
 

U
 

0\. 
~

 
~

 
... 

u 
.9 

>
 

N
 

u 
~

 
Q

, 
~

 
Z

 
~

"-' 
0 

,:=
 

u 
u 

~
:9 

.a 
E

 
r:: 

B
 

,5.?;o-=
 

.0 
(;] 

'-c-
I;; 

0/"1 
0/"1 

..-U
 

'" 
--=

 
,.

=
-

r-. 
cu

I 
0 

j 
'9;;: 

£' 
]' 

.~
.§::;; 

~
 

=
 

<
:) 

=
 

..-:-
.S

 
>

( 
~

 
U

 
.-0/"1 

0 
~

 
cu 

~
 

0 
cu 

~
 

."E
'o 

5 
e,.c 

5. 
5. 

~
 

-, 
Q

, 
~

 00 
'" 

~
 

'" 
~

 
.c 

-ci 
~

 
U

 
§S

O
 

'?~
 

~
 

~
 

~
u 

I

~

 
Q

,"" 
8 

N
 

'" 
U

 
U

 
U

 
U

 
~

 
~

[ 
<

:) 
"5cu 

:2 
U

 
'02 

Q
 

o' 
G

~
 

~..-0"'; 
2 

Q
,~=

,-, 
.~

 
:..'"~

 
00 

-.'-' 
u~

 
r-. 

"'0 
Q

, 
'" 

-0=
E

-
~

 
~

 
~

=
 

0 
IS

-
.5.-:-

=
"'u

I ,. 
E

-
'A

 
~

 
-0 

--~
 

= 00 
'"

E
-=

 
~

' -~
, 

~
 

~
 

~
'C

 N
 

8 
u 

~
 

.-u 
'"

5 
~

 0 
,-'" 

13 
S

uo 
0 

~
 

Q
, 

~
 

a~
 

~
~

~
 

~
 

" 
.'0. 


r-. 
i'=0", 5 

o' 
.-:-a ~

 
~

 0 
.5. 

..I 
'-' 

g 
'" 

""Q
,

N
 

0 
.-.'" 

u-=
 

"'=
u 

~Q
 

.,g e!:;!' 
'-:-'"'---

5
~

 
~

 
~

 
~

 
'"'5 

.c 
';;; 

'~
'"'S

 
5 

.a 
~

. 
~

 
~

 
~

 
.=

 
>

.'"'~
 

'" 
u 

u 
'" 

=
 

"'.-. 
=

 
~

. 
0'" 

:.. 
I 

~
 

0 
<

:) 
cu 

I" 
0 

5 
-'" 

r/) 
"'1".~

 
td 

--:. 
r/) 

0\ 
~

 
~

 
.->

. 
r/) 

.-.'" 
0 

~
 

.5 
N

 
~

 
"'1" 0'" 

H
.;.-. 

.~
 

-~
 

-
E

 
~

 
00 

=
 

.c.-. 
7: 

~
 

~
 

., 

..,.. 
'-' 

-\0 
0 

-.-u 
cu 

c 
0/"1 

Q
, 

-\0 
~

 
~

 
.c 

5 
--=

 

~
 

~
 

gg 
00 

-=
 

~
 

o' 
§ 

.5'"5 
-9 

E
 

'0 
..: 

""d 
-=

 
II"! 

'0 
=

-
8. 

:=
,.c 

cu 
...<

:) 
a:: 

~
 

~
 

.c 
~

 
~

 
0/"1 0 

-M
 

';; 
.=

 
0\ 

r 
=

-
'i:'-

\0.-. 
~

 
U

 
\0; 

,5 
0 

<
:) 

~
 

~
 

C
j" 

-0\ 
0\00'-"-"" 

~
~

-c 
N

>
.cuu~

 
->

. 
'" 

~
->

('-'-.cuu 
~

 
,O

O
r-.uo-;;-;;u 

O
\~

'-' 
'-'~

oo>
 

.'-'~
o~

 
00>

' 
.",=

:p,
I" 

Q
 

~
 

.S
 

o. 
.c 

0" 
00 

00:5' 
-5 

'" 
-=

 
~

 
<

:) 
u 

'(;' 
.:=

 
~

 
8; 

~
 

-5..g 
~

 
5.c 

~
 

z 
,-,'" 

0\ 
-\0 

0 
=

 
"'.-

'? 
0 

00 
0 

~
.c 

"'1" 
00 

.'" 
0/"1 

Q
,"O

II 
~

 
'" 

~
 

'" 
rJJ" '-' 

~
 

0 
0 

,! 
'3 

~
 

u 
r-. 

0\ 
~

 
o. 

0 
~

 
0/"1 ~

 
~

 
00 

]...; 
cu 

~
 

~
 

-u 
.9 

cu 
-=

~
_o_=

 
E

U
-

U
 

000. 
U

 
=

 
'-'u.c 

=
=

 
~

 
r-..5 

=
 

'" 
Q

, 0" 
,-5-0 

U
 

.=
"" 

.c 
O

C
" 

0 
.s!:;!, 

.c 
~

 
.~

 
'cn 

:: 
~

 
.c 

~
 

8 
,9 

U
 

5 

~
N

 
o"'~

\O
 

-'-~
.=

_"'1""""'=
->

.~
 

0/"1
0 

","B
 

I: 
.5. u 

u 
M

 
00 

,'"C
 

Q
, 

r-. 
IS

 
0 

.-'-' 
'" 

~
 

cu 
N

 
,-

'-'.:=
 

u 
~

 
"'1" 

,- =
~

<
:)u.c.i: 

.U
 

~
 

Q
, 

,-
---'" 

0 
U

 
-0\ 

~
 

-.-~
 

0\ 
~

 
-'" 

-cu 

c 
r/) 

...0\ 
~

 
Q

 
r-. 

0\ 
~

 
U

 
0

~
 

'-' 
-.=

=
 

~
 

~
N

 
I 

"§ 
G

 
@

"] 
:2 

~
 

,~
 

~
 

~
 

~
 

~
 

~
 

~
 

~
.g 

.~
.:§ 

.~
 

~
 

.c 
.g 

~
 

~
 

d 
a';:; 

~
 

~
 

~
",g 

~
 

~
 

-~
 

'" 
--~

 
'" 

0 
.-~

 
cu 

~
 

~
 

cu 
~

 
cu 

,-
,~

~
 

'" 
~

 
0 

~
 

M
 

,-
..,. 

.-cu 
0 

0 
E

-
~

 
~

 
0 

u 
.-~

 
N

. 
~

 
0 

15 
.-00 

u 
=

 
Q

, 
'" 

u 
00 

U
 

=
 

=
 

.-,-
Q

 
U

 
~

 
>

..c 
~

 
E

 

0.. 
U

 
~

 
0 

~
 

~
 

go 
0\ 

~
 

-~
 

=
 

.c 
.9 

~
,~

 
a 

=
 

.c 
.9 

0 
~

 
~

 
.s 

.!!f.c 
.9.:=

 
~

 
~

 
U

 
~

 
c.. 

0 
cu 

..'" 
0\ 

~
 

-=
 

~
 

,-
-0'" 

'" 
---""~

.c'" 
~

 
;: 

I;; 
o. 

~
 

01
"';' 

00 
.c 

0 
8 

e 
e 

g 
~

 
~

 
"B

 
e 

e 
R

i 
00 0..2 

~
 

13 e 
g 

[.2. 
cu .~

I 
U

 
u~

-
'" 

E
 

~
 -ou 

O
\.c 

~
 

,-
'" 

'" 
~

 
c 

E
 

cu E
 \O

cu-;;"'-
.0

r/) 
.:=

 
'-1 

'8 
~

 
u 

E
 

~
 

~
 

0\ 
; 

"'~
C

U
U

U
 

Q
, S

 
N

~
'"-.-:: 

=
u

Q
, E

-~
-ucu-

'" 
'" 

-,-
~

 
E

u 
u 

~
 

-0 
~

 
->

 
->

 
>

 
.-:=

 
-.~

 
>

 
...

Q
 


Q
, 

,:=
 

-.-:-.c 
~

 
U

 
~

 
0 

~
 

00 
~

 
=

 
s

u 
5 

~
 

0 
.;; 

-=
E~

 
u 

=
 

=
 0 

~
 

'" 
E

~
 

'O
J.;( 

I: 
~

 
E

 
g: 

5
E

.2 
"B

 
~

 
.;( 

'O
J e"5 

t:
~

 
';( 

.O
J ~

 
'I: 

~
 

~
 

.~
 

'x 
'O

J 
8 

.~
"5 

U
 

~
"'tdC

"'o-
o"'=

O
O

~
"'o~

 
O

O
~

"""C
tdU

~
~

"'O
O

"=
 

>
 

0 
::.. 

2 
~

 
U

 
.9 

...=
 

\0 
~

 
G

 
,-

O
J 

~
 

U
 

-U
 

~
 

U
 

~
 

2 
~

 
u 

-.c 
=

 
~

 
2 

cu 
~

 
U

 
o 

. 
u~

~
.c~

r/)~
-,-,~

_..J~
.c~

r/)..Ju~
.c~

~
~

~
~

-.c~
..J_~

 

8 
>

. 

~
 ~ 

. 

-'t 

~

 
~

 
.., 

~
 

0 
'" 

'" 
'" 

'" 
-=

 
=

 
=

 
=

 
-0 

0 
0 

0
I 

~
 

--,-
,-

.-

'~
 

e 
e 

e 
e

0
U

 
u 

U
 

U
 

, 
Q

, 
Q

, 
Q

, 
Q

, 

~
 

0 
0 

0 
0 

~
 

u 
U

 
O

J 
U

~
 

-;; 
-; 

-; 
-;

8

-r/) 

'" 
r/) 
'" I...!. 

r/) 
'" 

r/) '" 
~

.~ 
=

 
=

 
=

 
-

=
 

~
 

~
 

~
 

~
 

=
 

~
 

.~
 

~
 

~

. 
.~0 rJ 

' 
'-' 

~
' 

..J 

-.:z: 
<

' 
-~

 
!-

,.. 
;:I 

~
 

Z
 

-0 
,..J 

O
r/) 

~
 

~
 

=
 

-~
 

~
 

~
 

~
 

Q
 

.
, 

.J 
E

-
U

 
~

 
-~

 
~

 
'""" 

<
 

:z: 
~

 
2;-

..: 
,-~

 
Q

 
~

": 
\0 

:: 
..2 

0 
~

 
~

 
0 

0 
-""-

-0\ 
0\ 

,-'" 
~

 
~

 
-U

 
-D

 

~
~

=
~

 
-~

. 
.1;;'-' 

0 
~

 
I;; 

' 
:' 

~
 

~
 

=
=

 
2; 

~
 

i-
~

 
~

 

. 
G

~
-g:a-~

-;, 
§~

~
=

 
~

§~
 

~
=

~
 

~
 

~
~

 
~

 
~

O
\ 

U
 

~
uO

O
\O

\ 
~

uO
O

\ 
..J 

g~
 

..., 
.~

u -"0-
.-g 

=
 td 

-0\ 
,-

:.. u
0

~
 

U
 

1:: 
U

 
..J 

~
 

1::. 
~

 
,-

-r.: 
.J 

'" 
t: 

~
ta 

-",ta... 
-.c 

~
uta 

f. 
l.E

.c~
 

e13-ae 
~

E
-a 

=
-g-a 

-"',s~
 

=
~

.-
~

~
.-

,~
~

"o 
50"'-

--0" 
~

o~
 

~
<

~
t:. 

u~
~

~
 

~
u~

 
~

;..J-

. -~
~

 



... 

. 

--_L, ~---" "~_"_j._l_ci__~..l,jjijijill:mjj~.~.JIIi,j!J ~I.c_-



--

---

>

---
---

0\ 

, 
iE

~
, 

I 
"E

"O
 

c: 
. 

u 
~

 
.-'" 

od 
'" 

E
 

-~
 

~
 

~
 

=
c 

>
 

=
 

:: 
Q

, 
,0 

...iJ 
...=

 
'" 

, 
'~

~
 

-~
 

~
I 

c: 
~

 
-.-c: 0 

~
,-;:§ 

8. 
E

 
8" 

.: 
E

 8 
~

 
--;; 

.-Q
O

 
Q

, '" 
"-'"3 

0/) 
~

 
U

 
-=

 
a 

=
 

"'-g 
5~

~
�

~
 

~
 

"': 
5 

.9..: 
'" 

~
 

'u 
"0 

~
�

-
U

0 
~

 
~

~
 

~
iJC

: 
~

 
, 

-=
 

Q
, 

5 
iJ-=

 
'-""0 

~
 

I 
'" 

-<
 

0.-
,. 

-c: 
-u 

0
c: 

~
 

-Q
, 

M
 

U
 

=
 

, 
.=

 
~

 
0 

0 
..~

.", 
'-' 

2~
 

g 
=

'" 
~

 

-0 

M
 

c: 
--=

 
~

~
 

u 
z: 

'-' 
0\0/) 

0 ,~
~

 
N

u-=
-U

 
0\=

 
--~

 
~

 
~

 
'" 

-'cn 
-8 

u 
ou

~
 

S

I 
(/)0 

'--
0 

h=
 

N
 

~
=

 
?u"O

 
..-<

 
c-. 

-.c 
-0 

'- -.cO
 

-ou~
E

'" 
~

 
E

 
~

 
-

0
0 


.J 
-~

ou 
--U

-'" 
od 

0 
=

=
i 

o-~
 

~
 

~
 

>
 

~
 

~
 

0/) 
~

 
.c 

-~
.~

 
U

 
r--

0 
i 

~
 

.: 
-0 

'" 
ou 

.!!! 
=

 
~

 
:: 

0 
:z 

~
.: 

.~
 

;:§ 
.'i: 

:i. 
u 

8:i. 
U

 
.c~

 
~

 
~

 = 
~

 "' 
~

 
'"8 

--U
 

~
 

~
 -~ 

~
~

 
~

I
' 

~
 

~
 

i 

~
 

-,-
=

... 
~

 
5

5 
-'" 

~
 

=
~

 

Q
 

.!!!o 
=

t: 
ou 

ou~
 

-=
0-

-.-U
 

~
 

--=
 

'" 
~

 
~

'::-
C

O
U

 
ou 

~
S

 
=

u 
~

~
-=

 
~

 
'" 

>
, 

0 
0/) 

N
 

>
, 

0 
=

 
--ou 

'" 
~

 
-".. 

'" 
=

 
N

 
'" 

"'G
 

-~
 

~
 

"0 
-ou

I 
-.-'" 

uQ
U

 
"'--

' 
-,~

 
~

 
-=

-~
 '" 

~
 c 

.:-
~

 0 
~

 ~
 

=
 

,- ~
 

E
 

~5 
,- 0 

~
 

~
 

~
 

'-0 
-t: .-t: 

...~5 
'" 

-'" 
, 

~
Q

O
 

---g,.-
0

~
 ,-, 

~
 

0 
=

=
 =

 
~

 0
\t"\ 

~
!-! 

=
 

~
 

~
 

c: 
~

 5 
~

 
u'=

 
.c 

~
 

'-
:=

 
>

 
~

 
--ou 

~
M

 
"'u -'-' 

--0 
-'=

-
->

, '" 
.,; 

0 
,-

~
 

-=
 

g,. 
0-

o~
 

.!!!~
~

~
=

"O
ou~

~
'" 

--=
 

-Q
O

 
'" 

~
~

c~
~

 
.Q

 
z: 

"0 
0 

~
 

5Q
,

' 
U

 
0 

~
 

'-' 
13 i 

"0 
'-' 

~
 

~
 

~
 

N
 

'cn 
C

 
~

 
I 

"0 
-~

 
~

 
~

 
U

 
~

 
~

 
"(; 

.--~
 

-cn 
=

 
~

 
=

 
8 

-' 
-<

 
~

~
5-Q

, 
"O

.?:-,-Q
O

'5i:oQ
,~

>
<

 
5 ',-'-'"O

Q
O

E
i: 

.J 
~

o~
~

>
,..:~

~
o=

>
"o-~

Q
,o 

e 
E

 
,2 

~
 

i 
N

 
'f' 

c 
~

 
o"(;~

ou~
~

0. 
c\ 

C
 

:.. 
.c 

~
 

ou 
~

 
Q

O
 

t: 
-; 

-=
 

i 
-~

'-' 
"'>

,>
 

ou5>
'---""-~

=
 

.4N
>

' 
g

o 
=

-
~

 
"'... 

~
 

~
 

=
=

 
8 

Q
,.-

~
 

=
=5

~
 

~
 

.s 
o.s 

0 
0 

;;: 
~

 
't 

~
 

'" 
~

 
I 

Q
 

.?:-
~

 
0/) 

i 
~

 
>

, 
~

 
~

"Q
2) 

0
-:5 

=
 

~
 

~
'§ 

c 
~

 
"Q

2) ~
-

8. 
Q

O
~

 
-=

 

z: 

-0ou =

0
-.5.-

>
, 

Q
, ~

 
'f' '

5
0 

--'" 
=

 
-:5 .c 

~
 

~
 

~
 

r-
c: 

'-
-<

 
"'0 

"'-~
-

~
N

 
--",,-'- 0 

,~
 

~
--",- ,-

"' 
.-~

 ,-
0 

.J 
:=

 
-;;-

~
 

Q
."O

 
"§ 

~
 

~
 

'" 
ou.: 

13 
~

 
0 

~
 

\t"\:i. 
N

 
~

 
~

 
=

.~
 

~
 

-, 
t. 

;:5 
--~

 
-: 

:=
 

~
 

~
 

--0/)"0 
.9. 

Q
, -=

 
:0 

-0 
r-

=
 

~
 

.-=
=

 
"'G

 -=
 

~
 

0 
-5 

0 
'" 

?:-
~

 
C

 
;.c 

'-'."?:: 
,: 

~
 

~
 

ou ~
 

~
 

~
 

:i. 
.; 

'-' 
0 

~
 

0/) C
o 

~
 

>
, 

.,.:; 
--~

 
ou 

0 
...=

 
>

, 
'" 

'" 
~

 
=

 
-u 

..U
 

'" 
>

,'u 
C

 
~

 
C

 
~

 
I 

z: 
-=

 
->

, 
=

 
"3 

--"0 
.; 

ou 
ou 

=
 

'" 
0 

~
 

'-
-

2
=

 
-ou 

ou 
0 

C
 

~
 

u 
.: 

=
 

U
 

E
 

>
, 

'" 
"0 

Q
,"O

 
=

 
=

 
~

 
0 

C
 

--; 
-=

 
~

 
Q

,'=
 

'" 
...'" 

~
~

0 
:co"""...>

-=
 

-=
c"'-"",,--"'c~

'u=
"'-

~
~

~
", 

",0/) 
ouou5'V

i0 


--ou---u~
 

t 
'~

:5 
~

.: 
~

 
~

 
~

,~
 

S
 

§ 
,~

:i. 
~

 
-~

 
,g 

ou 
8 

~
 

-=
 

S
 

~
 

G
 

:i. 
~

 
~

 
-'-

0 
'" 

'" 
~

 
-=

 
~

 
0 

0 
C

' 
0 

-C
' 

~
 

5 
'" 

ou =
 

0 
Q

O
.:: 

--=
 

�
,oJ 

0 
0'"", 

i 
ou 

:.. 
--=

 
~

 
Q

O
'-

Q
. 

'" 
,-

Q
, 

0 
--=

 
t: 

0 
~

 
'" 

=
=

 
'" 

~
 

;"", 
""�

~
 

c-.:"""-~
-""" 

5 
"' 

5 
'~

""-
-ou:..ou.-

U
 

"O
-",-"'O

O
-"-'-C

 
,-

-u-5"-"""~
'" 

I 
~

 
~

 
'" 

-:i. 
~

 
=

 
'" 

~
 

'" 
C

 
~

 
0 

~
 

~
 

0 
0/) -=

 
~

 
=

 
'" 

'" 
~

 
~

 
-.:: 

~
cE

E
"'o 

o..~
 

~
,~

 
-~

 
~

 Q
 

o~
~

 
~

 
~

.c 
E

ou-~
~

oE
,::"'E

u=
","C

Q
 

'=
 

-=
""' 

~
 

-=
 

~
.=

 
~

 
5 

,5 
-~

 
8 

-=
 

.c 
B

 
-

5 
B

 
...:=

 
~

 
ou 

~
 

~
 

B
 

E
 

~
 

'" 
~

 
~

 
-=

 
.~

 
~

 
-=

 
~

 
B

 
0/) 

~
 

~
 

~
"'G

 
o~

o-~
 

oC
uu~

ou-=
u-~

,--
~

ouu~
"O

", 
U

 
~

 
ri5 

~
 

-J 
,: 

U
 

~
 

~
 

-<
 

-J 
:c 

J 
-<

 
~

 
0 

:J 
~

 
~

 
-J 

-J 
-J 

~
 

=
 

I 
". 

. 

I 
t)~
 

I 
..,0 

'" 
'" 

'" 
,oJ 

=
 

=
 

c 
~,-g,. 

,- 0 
0

E
"C

Q
 

,- 0 
,-"C

Q
 

0
~

 
u 

u 
Q

, 
Q

, 
Q

, 
~

 
0 

0 
0 

g,.u 
u 

u 
>

c 
"(;"(; 

"(; 
I 

-~
 

'" 
U

 
,~

 

-~
 

~
 

~
. 

--" 
,

~
 =

=
 

=
 

=
 

~
 

~
 

~
 

=
 

"--
I 

=
 

iJ 
~

 
; 

: 
~

 
Q

 
~

 
-J 

~
 

=
 

N
 

z: 
>

, 
~

 
r_' 

-<
 

~
 

=
 

-D
 

-Z
 

-t:ou 
M

~
 

~
 

~
~

 
: 

;;
I 

=
 

~
 

~
 

~
 

~
 

i 
'C

 
8 

-<
 

~
 

U
 

s.g 
~

 
-J 

g 
~

 
c 

-<
z: 

0/) 
-=

 
-0>

' 
'" 

~
 

c-
U

 
~

 
c 

'" 
:=

 
.~

 
,~

 
~

 
o~

:a 
Q

, 
05 

~
 

::: 
-

~
~

 ~
 

~
 

~
 

-"(;=
 

~
-:5 

---=
0-

",. 

0 w

 
~

~
~

:c~
 

§-<
~

~
~

 
~

§~
 

~
 

~
 

~
 

c 
3 

0\ 
---=

 
.-0\ 

=
 

-
=

 
u-

Q
O

=
~

o-
"' 

U 0 -
.., 

0:Z
 

uuo.. 
--J 

...r 
0 

~
 

..g 
~

5uou~
 

-o~
 

~
 

...=
=

 
~

-=
 

"(; 
~

 
=

 
U

 
-=

 
~

 
~

 
-=

 
g,. 


u'-3c 
C

 
~

 
,-

:.. ~
 

=
 

--ou 
~

~
~

.cc >
 

t: 
.-5 

O
~

c
~

iou, 
o"'~

o~
 

uS
;'

-J-JU
~

 
U

~
U

:Z
~

 
-J~



I 
-..'" 

, 
,. 

iI!" 



.. 

01,"";1 oI'o"'",,"['JI -.I" "" j "'", ",",11""1 ' '!_I" 



--

0'- 

~
 

.-

--

~
 

.. 
~

 
~

 
'" 

~
 

I,.
0 

~
 

C
O

 
0 

~
. 

,-
u

'" 
0 

~
 

-.. 
E

 
'" ~

 
'Qu .

-N
C

/) 
= ..., 

'" 
0 

U
 

~
 

C
 

~
 

~
 

~
 

'0 
~

 
u 

~
. 

" 
-'" 

I,..c
:!J 

"""Q
 

>
. 

0 
-C

o

. 
-C.C

 
U

 
0 

.-'"
C

 
~

 
"-.-"-

C
 

"" 
'" 

-
~

 
, 

~
 

0
-,":5 

""':: 
'(j 

[ 
'Q

 
'Q

O
\E

 
.0 

c"' 
~

 
I,) 

O
J 

'" 
C

 
£0\1,». 

0 
0 

~
.-:.C

' 
0) 

~
 

'" 
-;;; 

=
 

0" 
U

 
Q

.."8.-
U

 
~

 C
 

'" .U
 

o 
0 

>
. 

~
 

0 
u 

-"'u 
00 

c.E
~

 
Z

 
E

 
(; 

~
 


'0 
-;:;; ""' 

(; 
~

 
>

, 
-0 

u 
I,. 

u 
0\

'" c 

"- 0 

U
 

.c .0 
'" 

00 
-0-0).

.: 01,) 
>

 

I,) 
I,) 

I,) 
~

 
:-=

 
~

~
.o? 

I,. 
--0;1,.0; 

"' 
""'".&

1 
0 

C
 

-
e

...J 
~

 
0 =

' 
-;-: 


-.-E
 

'Q
 

=
,"'1,)"--' 

)( 
r"\

'" 
-~

 
-0.-.0

"",,"'t:=
,,'Q

0 
u

""' �
=

-
'Q

 
.~

 ,-
C

 
~

 
>

. 
U

 
00 0 

.,;�
-£ 

-0 
I,. 

~
 

.-00 
~

 
-N

 
I,)

I,. 
~

 
-I,.

U
 

.~
 

.c 
vi 

.&
1 

00 
C

 
'=

 
~

 
.: 

-
~

 
~

 
-C

 
~

 
.5 

0 
'Q

 
I,) 

'Q
0. 

C
 

(; 0 
I 

'" =
' 

.-C
 

~
 

u >
 

'Q I,)
O

J 
I,) 

.-I,) 
I,. 

'(ju-
'Q

. 
Q



'" 

I,. 
>

. 
~

 
>

 
0. 

'Q
.=

 
'Q

 
'Q

 
I,) 

~
 

=
 

I,) 
00 

~
 

cc.£ 
I,.

~
 

.0 
.--C

 
I,) 

0.-
~

 
-.c

u 
~

 
~

 
'" 

.-0 
...C

 
.-~

 
C

;;; 
.c 

--u.-
.0 

cO
)o 

.: 
c 

-
~

~
 

=
' 

--~
I,.", 

I,. 
~

 
0.': 

~
 

I,. 
'0 

-5 
C

 
0; 

u-
~

 
~

 
'Q

 
--0 

1,»=
.&

1 
I,) 

'Q
 

~
 

>
. 

C
 

(; 
U

 
-a.
--1,.-- 0) -I,) 

-
Q

.. 
.c 

.'" 
0 

'" 
C

'-'
'I,)~

.=
 

C
 

,-
Q

 
I,) 

U
 

.0 
u 

0 
=

._O
)~

 
'" 

I,) 
~

 
-

. 
1,."'-

.c 
,-

~
=

I,.", 
'" 

.,; 

.c"'=
' 

U
 

-I,) 
I,) 

I,) 

-c~
 

5 
~

 
£N

£.c 
.c.c 

U
 

U
 

U
 

U
~

 
"' 

I,. 
I,) 

""Q
~

U
 

U
 

0) 
U

 
U

 

. 
..u 

u 
--.oc.cc 

c. 
C

. 
"'. 

.0. 
~

. 
~

,.>
~

u 
l,. 

C
 

u 
~

~
~

u 
,~

I,. 
1,)£ 

uP
. 

'"'"P
. 

,","I,) 
,","I,)

--.c 
~

 
I,. 

I,. 
-0 

0 
u-U

-
-~

 
-~

 
oo~

 
00'" 

00'" 
,-

>
 

r"\ 
0 

": 0 
~

 
-c 

->
 

-c 
C

 
.0 

C
 

'" 
-C

 
C

 
0) 

--5 
~

 
'Q

 
0 

5;>
 

5:3: 
.-:3: 

.-:3: 
,-

:3: 
Q

 
.-oS

 
:' 

.u 
1,)": 

C
 

c 
~

 
~

 
~

 
Z

 
'(jN

~
 

C
' 

~
~

ol,)(;u 
0<

 
0<

 
0<

 
0<

 
0<

-U
 

N
...u..-

N
 

--u 
.-"'... 

~
 

C
O

O
l,. 

I,. 
'" 

.-""'.- C
/) 

N
 

C
/) 

~
 

C
/) 

~
 

'A
 

~
 

'A
""'" 

~
 

~
 

~
, 

~
 

~
, 

..J 
.0' 

"--' 
-."E

 
.c 

0; 
I,) 

.: 
I,) 

;( 
'0 

-' 
'0:>

 
I,) 

::>
 

u 
::>

 
I,) 

::>
 

r.. 
5. 

~
 

g 
~

 
go 

g 
~

 
C

 
'Q

 
.5 

I,) 
.c 

£ 
.c 

£ 
-5 

£ 
-5 

>
. 

-5 
>

. 
0 

.c 
c 

I,) 
.c 

u 
"--' 

0 
P

. 
-'Q

 
0 

0 
0, 

0 
.&

1 
0 

.&
1 

u"fo 
0 

U
 

'" 
.: 

-0) 
~

 
~

 
~

 
C

 
'Q

 
C

 
'Q

 
-, 

'Q
 

-'Q
 

-'Q
 

. 
Z

 
~

 
r-.: 

U
 

0 
Q

 
-~

 
~

 
-; 

c 
.-P

. 
.-P

. 
.: 

P
. 

.5. 
P

. 
,: 

P
. 

0 
I,)O

"'~
O

 
S

 
a~

o§ 
'Q

e 
'Q

e 
'Q

e 
'Q

e 
'Q

e
-"'-~

-.c 
C

g",._N
.-

ul,) 
1,)1,) 

1,)1,) 
1,)1,) 

I,)U

. 
t 

~
 

~
 

"'] 
~

 
.§ 

o.'~
 

~
 

'§ 
E

 
E

 
go 

E
 

go 
e-

go 
e-

go 
e-

go
~

 
-E

 
l,. 

1,.00; 
~

 
.c'=,5 

.C
"",-

.C
"" 

'" C
o'".-'" 

C
o'",-

0.'".
'"

01,)-1,. >
 

0 
0 

,O
N

 -~
. 

~
 

,-"'-
"'-

"'-
"'-

"'-
'" U 

o 
U

l,) 
.c 

c..U
~

 
,-.-

U
 

1,)": 
"'.c 

~
... 

~
 

0 
,~

 
r"\ 

P
. 

.-'=
 

.-'=
 

.-'=
 

,-
'=

 
.-'=

 
£'Q

 c 
£'Q

 
£'Q

 
£'Q

 
P

"Q
_.-cI,)C.&

1 ,-
u.-

N
 

r-. 
...U

 ,-u~
I,)'" 

~
 Q
 

'ooo=
-.cE

.c~
(;p.=

~
 \Q

 
I,. 

.c 
U

 
0. 

.c '" 
~

 
.c ~

c 
~

 
.c ~

c 
~

 
.c ~

c 
~

 
.c "'c 

~
 

>
. 

"1j-"--'-'" 
U

 
U

 
0)-

u-
u-

u-
O

 
"' UI,)~

 00 U
 

0)~
.J~

0 "'I,.'" 
I,) 

~
I,) 

~
u 

~
I,) 

",I,) 
~

I,)
1,)...,gu---o.l,) 

U
",~

l,)o 
I,).c 

u.c 
I,).c 

u.c
~

.o
~

>
 

=
 

.Jf-.Jf-
I,).c 

.Jf-
.J~

 
.Jf

. 
>

-
"1j=

 
~

c 
~

 
:

. 
~

 
,-�

..., 
~

�
0 

'" 
'" 

'" 
'" 

'" 
'" 

'"�
~

§ 
§ 

§ 
§ 

§ 
§ 

§
Q

.. 
'§

~
'§ 

'§ 
,-.-

'§ 
'§ 

'§ 
'§ 

. 
O



~

 
u 

u 
u 

u 
I,) 

I,)
-0. 

0. 
0. 

0. 
0. 

0. 
~

O
 

.0 
00 

0 
0 

0 
Q

..I,) 
.I,) 

U
 

U
 

U
 

I,) 
U

 

-E
-U

 
; 

-;U
 

-;"(; 
"(; 

-;0) 
"(;

0) 
0) 

U
 

0) 
"0 

C
1 

C
1 

C
1 

C
1 

C
1 

C
1 

C
1 

=~
-

-; 
-; 

-; 
-; 

-; 
-; 

-; 
=

 
~

 
~

 
~

 
~

 
~

 
~

 
~

 
.

. 
--=

 
=

 
' 

-.J 
I,.�

O
W

 
Z

 
u 

I,.�
y 

ob 
C

/) 
.0 

~
 

-Q
 

-N
, 

E
 

E
 

.J 
N

 
'Z

 
C

 
=

 
0 

0 
=

 
=

 
=

. 
~

 
~

 
,?i: 

~
 

~
 

Zo 
; 

; 
~

 
~

 
, 

'-
I,. 

-'" 
' 

I: 
I: 

,-
N

 
-0 

C
/) 

0 
~

 
=

 
'2 

0 
,-: 

c 
c 

-;go 
=

: 
-~

 
~

 
-5 

c 
'=

 
.-Z

 
~

 
I: 

u 
u 

IE
 

E
 

Q
 

~
 

~
 

u 
'0 

=
 

~
 

I,) 
'Q

 
00 

-.-C
 

Q
.. 

Q
.. 

'Q
 

I,) 
Q

 
~

 
'Z

 
<

 
~

 
~

 
\Q

 
~

 
,: 

,-
~

 
u 

u 
I,) 

L' 
C

 
Q

.. 
c 

, , 
,-, 

~
 

0\ 
..J 

>
 

E
 

0 
Q

.. 
--~

 
~

 
u 

E
 

t"""' 

~O

 
; 

~
 

P
.£ 

~
~

 
.1,) 

1,)£ 
§8~

 
=

8~
E

j.J~
~

 
a. 

. 
' 

,-, 
Zl,) 

~
 

~
 

U
 

._0 0 
0 

Q
.. 

-(;) 
~

 
'Q

 
"':3: 

'=
 

'" 
:3: 

C
 

U
 

>
 

~
 

---~
C

C
I,)--=

' 
~

 
"1j~

 
000=

;>
 

0 
~

 
r.. 

IE
 

:3: 
:3: 

0 
=

 
=

 
=

 
~

 
'=

 
~

:3: 
~

 
c:2 

C
 

C
 

:2 
...": 

C
 

'Q
 

U
J 

~
 

~
 

\Q
 

'Q
' 

'" 
0 

0 
~

 
'Q

 
C

 
.J 

C
 

-~
 

c 
-N

 
~

 
I,) 

,-
~

 
~

 
'Q

 
C

 
a. 

:: 
:2 

~
 

'" 
U

 
U

 
>

 
i 

=
:2 

u 
0 

J 
I,) 

0 
'9 

.-: 
~

 
0 

~
 

~
 

~
=

~
 

00 
c>

o>
';>

.J°o~
~

f-C
/)-U

f-C
/)N

i 
.C

/)-
..., 

.J 
0 

C
/) 'A

 
=0

'Q
 

: 
'Q

 
..U

 
'A

 
,-

-" 
U

 
0 

~
 

.I,) 
0 

C
/) 

U
 

~
.-

0 
U

 
.~

' 
U

 
U

 
,-

-~
, 

~
 

U
 

-~
 

00 
I,) 

--~
-

(; 
1: 

~
 

E
 

U
 

~
 

0 
~

 
8.!! 

C
/) 

0 
E

 
~

 
'9 

~
 

I,. 
~

 
IE

:: 
~

 
g 

...I,)~
~

 C
/)1,.-

-
c 

"'1,)1,.)(1,."""C
/)",~

O
O

"--'::C
O

I,)N
 

~
u~

u.?:;go
~

 
~

.cl,)uu.£.£~
-O

l,.o-.cC
O

I,.",c'.cI,)-O
 

'~
~

C
-"'.-C

.J-"'C
'

-c.-
",--",.=

 
~

uI,.O
 

o 
u 

-=
c""~

""" 
cU

U
O

\ 
-u,'Q

=
u 

.-~
 

I,) 
0 

U
 

=
 

~
 

.c 
.c 

:3: 
.-.c 

(;) 
r"\ 

=
 

. '. 
~

~
-

O
C

/)U
C

/)-U
U

-Q
..U

-oO
f-~

oU
.J~

c/)c/)~
~

O.
=

 
f-

M
 

I,) 
0 

f-:Z
 

0 =
"'1,)-

=
' 

~
 

t"-



.. 

"'. j", " "t""""".. ."","01, c" ""'i"*lia" U,IJJUaiMd iil l l" 1"111' 
'~_c__"lj"l~!Llli .11111 J:..."II, .ajJlJl_1 III II!.' II 



-�
.�
.�

.TABLE '-SUMMARY0' BENEFITS ffiOREACTORSFORLANDFILL 

",,=.d"Kb.,M m~C~, 

.,"'reu""'dfil'D;'pogIC'p~i" 

.R,d""'""."~,f"K"'Prod",OO"
"d""'D",.;o",f"'dfiIlGua.",.'i~ 

.Impro"dL~"'Q~I;".Lo",T.~ . "".~dLo",T,~Th,""f"K"",","'iro"mm' 
,",.~dTo.ILoMfiIlGuGm~;'"Q"m", 

.M=CompI~D""",;,"ofW_O"'m,'modofA",.Wm'O;'po.1 

I . "' 
TABLE'-LEACHATEQUALrrYOMPROYTMENTn.LUSTRAnON, .. 

MANAGEMENT KENTCOUNTY,.CENTRAL 'OLIDWASTE CENTER. DELAWABE , 

I 'ABAMETER CONVENnoNAIi". RECIRCULATING 

'ro.ImgiL) 
I BOD(mgiL) 

COD(mgiL) 
I Amm... (mgiL) 

ChIorid.(mgiL) 
I ZIo.(mgiL) 

I ..-w_."mI 

I 

I ".,--,.~, �. 
.~~ 

20-21,000 
20-'0,000 

'00-60000 
30-300 

100-SOOO 
6-370 

'1,0" 
122',000 

20-,,'60 
6-"'0 
9-('" 
01" 

" 

~,.�

". 



.. 

L~,",~ 'I 
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-
GeoSyntecConsultants. 

1I TABLE5 -DESIGNGOALSFORBIOREACTORLANDFILLS 

1 

-I. 
.stonnwater 

~ 
.8,000,000 

~ 
..Insp~ct 

..Repair 

-'. 
.etc.). 

-liquid 
.affected 

-release 
..the 

.annually 

.. 
8 

.�

.�..�

GOAL 
.Applyleachateand 

in a quantityof 
at least4,000,000gallons 
per year atMaplewoodand 

gallonsperyear 
at King George. 
2. Minimize Seeps 

.3. ~ovide s.everalliquid 
deliveryoptions 

4. 
Unifonnly distribute 
throughoutwaste 

5. 
Minimize uncontrolled 
of landfill gas 

6. 
Monitorperfonnanceof 
bioreactorprogram 

APPROACHFORACHIEVING GOAL 
Design trenches to have a liquid application 
capacity of at least 8,000,000 gallons for the 
MaplewoodLandfill and 8,000,000gallons for the 
King GeorgeLandfill. 

.Apply liquid at least50 ft from edgeofwaste 
landfill weekly for thepresenceof 

seeps 
seepsas quickly aspossible 

Providedifferentapproachesfor deliveringliquid 
to the working face(e.g.,pumpeddirectlyfrom 
leachatestoragetanks or stonnwaterpond, 
temporarilystoredin tanksnearthe working face, 

Design leachate application trenches in a 
configuration that maximizes am°ur:tt.of waste 

by recirculatedleachate. 
Designand install a landfill gas collectionsystem 
that can be operatedthroughoutthe active life of 

bioreactorprogram. 
Monitor perfonnanceof bioreactorprogram and 
report results of monitoring program semi-

to WM. 

00.08.01MEOI69/MDO0426.TBL 
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I PROJECT LOCATION MAP 
KING GEORGE COUNTY LANDFILL AND RECYCUNG CENTER 

I AND 
MAPLEWOODRECYCLlN'9 AND WASTE DISPOSAL FACIUTY�

I-�

I�

I�

I�

I�
1�

I�

I�

I�

I�

1�

I�
, 

I�

I�

I , 

MAP SOURCE: 17 8.5 0 17�
I ROAD ATlAS UNITED STA1ES. CANADA, MEXICO, : .�

RAND MCNALLY 1999. APPROXIMATESCALE: 1" = 17 MILES�

FIGURENO. 1�

I ..=~.. PROJECT NO. MEO169 
-GEOSYNTEC CONSULTANTS- DOCUMENTNO. 

I 'COLUMBIA, MARYLAND FILE NO. 0169POO8 
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CELL BASE LINER SYSTEMS�

° NONWOVEN GEOTEXTILE 

XTURED HOPE PRIMARY GEOMEMBRANEUNER 

THETIC CLAY UNER 

OMPOSITE DRAINAGE LAYER 

MIL TEXTUREDHDPE SECONDARYGEOMEMBRANELINER 

EOSYNTHETIC CLAY LINER 

40 MIL TEXTURED HOPE TERIARY 
GEOMEMBRANE (I,E,. SEPARATOR) UNER 

I 1SL" 
, 

I C ////'///"'."".."'.".."///'/'/" BUFFER" //'/ /'/"/' 
,,/ /,/'/ / // 

10 ' ~"'~,./'// ///:
./..'. .,/ /',/ /'/',/'/" // " " " .",",,,'..,'.,'..///.' ,,',/,/"/' /'/' /'/' /// ,/'"/.'" ,.' , , 

(K ~ -' 1 X 10 -5 cm "
I)s/. .' ./.// / ,/' / / ///r ' ," ...' /' /' ,/ /' 

I 
 "'~'\\,"\...,"\." ':' "...,\,'"",.0,..,,,, ,.:',,\.,"\\"";... ";'~\, ',\':.'\',: 
'\\'\\\'."'\""","""'\",\'\.,0,'.,\,','., "0 SUBBASE ""\,0"\."\\",\,"""., \ \\'\,\\,'0.."""".."",,\,' " 

I KING GEORGE COUNTY LANDFILL AND RECYCLING CENTER 

I 
.60 MIL .HDPE GEOMEMBRANE 

I GEONET 

60 MIL HOPE GEOMEMBRANE 

1 BENTONITE GEOCOMPOSITE 

: 
f 1 r ,',' ,.' ..' ..,' ./ ..,' ,-' ," ,'. ..,' ,','," " ..'.'" /.' ," ,CLAYEY SOIL LINER " " /' ," ," /' ,,' .,' " 

~ " , ., .,." .,.' '\"",'..'..',\" , , ',0, , ., ,'., UNDISTURBEDSOIL ""'\",'...,'\.\\\ , 

MAPLEWOOD RECYCLING AND WASTE DiSPOSAL FACILITY 
-�

FIGURE NO. 2 

-..~- PROJECT NO, MEO169 
-GEOSYNTEC CONSULTANTS DOCUMENT NO. 

8 COLUMBIA, MARYLAND FILE NO, 0169POO6 
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EVALUATION OF LEACHATE HEAD ON LINER 

1. OBJECTIVE 

The objective of this evaluation is to estimate the effect of leachate recirculation on the 

hydraulic head on the liner of the Maplewood Recycling and Waste Disposal Facility 
(Maplewood facility). State regulations (VR-672-20-10, Section 5.5) require that the hydraulic 

head on a landfill liner be maintained below 12 in. (300 mrn). 

2. METHODOLOGY 

The methodology and input parametervalues that were used are based on those previously 
used by others to estimate leachate quantities for the Maplewood facility, as presented in 

Appendix E of the approved Part B Solid Waste Permit Application (Part B) [Donohue 1991]. 
Both the previous and current evaluations were performed using the Hydrologic Evaluation of 
Landfill Performance (HELP) Model, version 3 [USEPA 1994a,b]. To simulate the effect of 

leachaterecirculation a constantsubsurface inflow was addedto the waste. 

3. EVALUATION OF HYDRAULIC HEAD ON LINER 

For the leachate collection and liner material properties were identical to those used by 
Donohue [1991]. The default properties supplied by the HELP model were used for waste (k = 

2.4 x 10-4cm/s). The area analyzed was considered to have an area of 10 acres and a waste 

thickness of 80 feet. 

The HELP analyseswere performed to evaluate the maximum rate of leachate recirculation 
for which the maximum calculated head on the liner is less than 12 in. (300 mrn). The 
anticipated rate of leachate circulation was assumed to be 4,000,000 gallons per year. This 
number was based on previous leachate generation values from the Maplewood facility. A 
portion of this amount of water will be consumed during the methanogenesisprocess that turns 

cellulose into carbon dioxide, methane, and water vapor. This calculation of water consumption 

during biodegradation is shown below. 
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net inflow = 4,000,000 -2,500,000 = 1,500,000gallons/year; 

1,500,000gallons/year over10 acres= 150,000gallons/acre/year 

= 150,000 gallons/acre/year x 12 inches/foot x gallon/7.48 ft3X acre/43560 ft2 
= 5.52 in/year. 

This is accounted for in the HELP analysis by adding a subsurface inflow to layer 2 of 5.52 

inches per year. 

4. RESULTS AND CONCLUSIONS 

Based on this evaluation, it is concluded that, for a waste thickness of 80 ft (24 m), applying 
leachate at the rate of 5.52 inches per year will result in a hydraulic head on the liner no greater 

than 5.2 in. This is lessthan the required maximum value of 12 in. 
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4 = 
 75 ft (vertical distance between the liner system and the trenches (ZI will actually 
vary from 0 to 75 ft)) . 

B = 3ft 
r = 1.5 ft 

2.4 Analvsis Procedure 

Some conservative simplifying assumptions were made before applying the preceding 
equations to the calculation of the capacity of the infiltration structures. Although the hydraulic 
head (h) and depth to wetting front (zJ will vary as drainage from a trench progresses,the depth 
to the wetting front was assumedto be constant and only the variation of hydraulic head was 
considered. The depth to wetting front was assumed to be 75 ft (23 m), which is the distance 
from the bottom of a trench to the 10p of the leachate col1ection layer. This distance is 
effectively equal to the maximum distance to the wetting front and is representative of long-term 
steady-stateconditions. Therefore, prior. to waste ~aturation (i.e., when 4 reaches its maximum), 
the actual capacity of the liquid application structures is expected to be greater than the 
calculated capacity. The variation in hydraulic head was accountedlor by dividing the range of 
hydraulic head that will occur during gravity drainage of structures into discrete inte~als and 
calculating an averagerate of liquid application for eachhydraulic head interval. 

3. CALCULATIONS ...' ':'1' 

Convert hydraulic conductivity from units of cm/s to units offt/day.. 

, 

k = (2 X 10-4cm/s) (1 ft /30.48 cm) (8.64 x 104s/day) = 0.567 ft/day 

The calculations were performed using the spreadsheetpresentedbelow. 

..." 

" '. i.. ..., 

, " 

, , '.., 
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-

Drain Timefor Interval:(M = 0.5'is used for all intervals) .. 
., '. 

t. = L\h/ (q,)ave~(0.5 ft) / (0.604 ft/day) = 0.83 days , . 

Total drain time is the sum of'drain ti'mes for all intervals up to the maximum hydraulic 
head.' Note that if the depth to wetting front is increased beyond 20 ft to represent greater 

.time 
vertical dist,ancebetween g~oupsof trench.es,there is very little change to t~e calculated drain

(the' calculated draii11ime increasesslightly). " -,. -
, ..-,.- ' ..;~;... ~ 

4. INFILTRATION SYSTEM CAPACITY 

Infiltration capacityper unit areafor trenchesspacedevery 50ft: 
-' ."'.' 
~, 

Each 50 ft by 50 ft area will contain 50 linear feet of trench. 

Area = 2,500 ft2 Trench length = 50 ft Trench Length!Area = 0.05 ft/ ft2 

Liquid storage capacityper linearfoot of trench (refer to Figure 3 of liquid application plan for 

trenchdimensions): 

V = (4 ft high) (3 ft wide) (1 ft long) (0.3 porosity) (7.48 gal/ft3 ) = 27 gal / l.f. 

From Section3, time to drain is approximately 5 days. 

Infiltration Capacity per l.f. of Trench = (27 gal / l.f.) / (5 days) = 5.4 gal / l.f. / day 

Infiltration Capacity per fr of Infiltration Area 
 = (5.4 gal / l.f. / day) (0.05 ft/ ft2 ) 
= 0.27 gal / ft2 / day 

5. PERFORMANCE EVALUATION FOR A TYPICAL GROUP OF TRENCHES 

Based on recent records of leachate generative rates from the facility, a reasonableestimate 
of the average leachate generation rate over the active life of the facility is 4 million gallons per 
year or about 10,959 gallons per day, which equals about 228 gal/ac/day for the 48-acre active 
disposal area. Applying this amount of leachate in a 10-acre area requires an application rate of 
1,095 gallons per acre. This simple estiq1ate will be used for the purposes of the following 

calculation. 

~ 
~-
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3.10 Leachate Removal 

Tanker trucks will collect leachate stored in the leachatetanks on a schedule to be 

determined. If storage tanks are filling abnormally fast, leachate haulers shall be 
notified that an unscheduled collection may be necessary and suitable contingency 

arrangementsshall be made. 

Leachate may be transported to an appropriate treatment facility, which has the 
capability and is willing to treat landfill leachate, or otherwise disposed of as permitted 
by Federal, State, and County authorities. Waste Management expects to permit a 
leachate pretreatment facility on site in the near future. Permits for this pretreatment 

facility will be requested from VADEQ and from the Water Control Board. In addition, 
leachate recirculation will be used to manage leachate. Leachate recirculation will be 

performed in accordance with the Leachate Recirculation Plan for the Maplewood 
Recycling and Waste Disposal Facility, which has beenapproved by the VADEQ. 

RP/CHMPARTB/AA4 
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1. PURPOSE AND INTRODUCTlC;>N 

In accordance with the conditions described in Section .I.F.2 of the, Virginia 

Department of Environmental Quality (V ADEQ) Solid Waste Pennit No. 586 {Permit), 
this landfill bioreactor plan is being submitted to V ADEQ to request approval to apply 

liquids at the King George County Landfill and Recycling Facility (KGC facility) in 
King George County, Virginia. This plan was prepared by Mr. Thomas B. Maier, P.E. 

and Mr. Michael F. Houlihan, P.E." both of GeoSyntec Consultants (GeoSyntec), 
Columbia, Maryland, as authorized, ,by,Mr. Jam,es,W~ Stenborg, P.E.t of Waste 

Management, Inc. (Waste Management). 

" ' 

This landfill bioreactor plan is intended to m~imiz~ the ~e.ne~tsto the facility of 
enhancing the moisture content of the waste. The b~nefits of enhancing moisture 

content include: 

.enhance,d lan,dfill g~ generation; , ..


.accelerat~d waste decomposition;


.improved leachatequality; and


.reduced post-closure maintenance costs.


Enhanced landfill gas generation will benefit the KGC facility because it increases 
the potential for developing landfill gas as a resource; it will also decrease the time 
during which landfill gas can cause odor or air quality problems. Accelerated waste 

decomposition (i.e., the conversion of degradable materials to inert compounds) will 
provide an increasedlevel of environmental protection by accelerating the rate at which 
the waste mass becomes inert. Accelerated waste stabilization results in a shorter 
duration during which leachate is expected to contain relatively high concentrations of 

undesirable constituentst thus creating an overall improvement in leachate quality. 
Improved leachate quality reduces the amount and concentration of constituents that 

could impact ground-water quality. Liquid application will also reduce post-closure 
maintenance costs becauseaccelerated waste stabilization will result in less settlement 
after final cover construction. The manner in which liquid application is expected to 

provide these benefits is described in more detail in Section2.2.1. 

MEOO50-03/MDOOI17.KGC 1 00.05,30 
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2. REGULA TORY'OVERVIEW AND CURRENT TECHNOLOGY 

2.1 Reeulatorv Overview 

The, United States Environmental Protection Agency (EPA) promulgated 
Subtitle D of the Resource Conservation and Recovery Act (Subtitle D) in October of 

1991. The Subtitle 0 regulations, which are presented in Title 40 of the Code of Federal 

Regulations, Part 258 (40 CFR 258), are the Federal solid waste disposal facility 
criteria. In reference to leachate recirculation, 40 CFR 258.28(a)(2) states the 

following: 

"(a) Bulk or noncontainerized liquid waste may not be placed in MSWLF units 

~... (2) The'waste is leachate or gas condensatederived from the MSWLF unit 
and the MSWLF' unit, whether it is a new or~existing MSWLF, or lateral 

expansion, is designed with a composite liner and leachate collection system as 
described in § 258.40(a)(2) of this 'part. The' owner or operator must place the 

demonstration in the operating record and notify the State Director that it has been 
placed in the operating record." 

For over a decade, EPA has sponsored both laboratory and field-scale leachate 

recirculation studies to assessthe potential of c0Btroiled recirculation as an effective 
solid waste management1001. Studies have' indicated that controlled reapplication of 
leachate acceleratesbiological stabilization of the landfill mass [Natale and Anderson, 

1986; Morelli, 1992]. As a result of increased biodegradation, gas production is also 
enhanced [Maier and Va:suki, 1996]. Studies have also shown- that leachate 

recirculation does not result in higher concentrations o~cont~inants ;inleachate, but 
results in decreasingconcentrations of contaminants [Pohlarid, 1975]: ' 

On a state level, the Virginia Department of Environmental,.Quality (V ADEQ) 

published the VirginiaSoJi4 Waste Regul~tions (VR 67~-20-1.0) on 1 June 1993 that 
allow for the ~~cir~ulationof leachate and gas condensateinto the landfill from which 
the liquid is generated (S~ction 5.1.C.17.a(1)(b)). These regulations indicate that the 

Commonwealth of Virginia' recognizes the documented benefits of leachate 

recirculation. 

MEO050-03/MDOO117KGC 3 0005,30 
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(i.e., the production of methane) is generally the final reaction in the waste 

decomposition process [Young, 1995]. 

.Liquid application lowers the oxidatio,n-reduction potential of the waste 
mass, which promotes the growth of methanog~n~(i.e., bacteria that produce 

methane). 

Controlled liquid application (i.e., leachate recirculation at lined facilities with 
leachate collection systems)has been utilized as an effective leachate managementtool 
at landfills in Europe, Canada, and the United Statessince the late 1970's. Useful data 
has been compiled from monitoring programs at some of these sites (e.g., raw and 

recirculated leachate quantity and quality, rainfall ~9~'S.- 9perational 'procedures, 

etc.). Descriptions of various field-scale recjI;c.~latiopp,ojects ?I:,ep~seI;1tedin Table 1. 
These projects provide infonnation concerning advantagesand ,disadvantagesof various 

recirculation methods. These data were used to prepare guidelines for implementing the 
recirculation methods proposed herein. ,,' ",. ...'. ,

-"- '" -" I"'" ,'- '.. ',., , 

;.
'" , , " ".".. 

As shown on Table 1, the most wid~ly used"re,qi1;c;:~tiQQ;.n;1~thodsinclude 
subsurface application (i.e., inje~tion into-wells and trenches),~Q ~wf~ce application 
(i.e., spray application, surface impoundments). These methods are d~scribed in further 
detail in the following two subsections. 

, , ,..., """', '" "",,'" -:' 
,.." .,; ., ..,'. );;... , ,~ "t , " , 

2.2.2 Subsurface Application ~,. " ."" ,",. "\~:':' "",-';":"'1-"" "'~,;.~:;".,,;'.' 

" .' ",' 

Liquid application wells ~d. trenches-.h~ve.been \;1~ed,~~«~e~~fqllya,t.several 
landfiJls, as describe4,on Ta):Jle1. Several of the landfills listed in Tabl~). ~~,-op~r,at~Q 
by Waste Management!i~cludipg th~ Charles ,~~ty Co~ty Landfill ,i~ Charle~ City, 

Virginia. Vs~,of applicati9n w~lls ~d ,~en~hespre'v:ents.exp,osureof. leachate.tQ the 
open air and C:1.iminatesthe potential for leachate t,Orun off from waste di~posal areas. 
As a result, recirculation by subsurface injection is minimally impacted by wet weather 

conditions, and potential odors are contained. 

Leachate application trenches may be constructed at several elevations within the 
landfill mass. Leachate application wells may be either constructed as the lifts are filled 
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After careful review of leachate recirculation projects that incorporate surface 

application techniques, Waste Management does not propose to use this method at this 
time, Methods considered for use under this recirculation plan are discussed in detail in 

Section 5, 
,t..' 

I I'(' fi 

"1 

.J 

" , 
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4. LIQUro'APPLICATION ANALYSIS PROCEDURES 

4.1 Introduction ,~" 

The purpose of this section is to discuss the factors that are expected to control the 

volume of liquid that can be applied and to summarize the procedures that were used to 
perfoim the analyses. The following. analyses were performed to develop the methods 
described herein: (i) the effect of liquid application on the' calculated hydraulic head 

acting- on the liner; {ii) the rate of drainage of liquid from the application structures 
(LRS); an:d (iii) the recommended rate or quantity of. liquid applied into to the 
structUres. " ,,'" , 

',' '" I' ..r;', "i,-

..' ' , 

4.2 Desien Considerations ;~' , "11fl,:,fC"h 

Design ,considerations that affect the ability, to apply, liquid to the'landfill are: (i) 
the maximum allowable hydraulic head on the landfill liner; (ii) the quantity of liquid 
that will percolate from the injection structures into the waste mass; and (iii) the liquid 
storage capacity of the waste. Each of these factors is evaluated in this section to 
provide a rationale for the analyses described in the following sections. State and 
Federal regulations require that the hydraulic head on a landfill liner be maintained 
below 12 in. (300 mm). Based on the evaluation presented in Appendix A, the need to 
maintain the hydraulic head on the liner below 12 in. (300 mm) is the factor that will 
limit the volume of liquid that can be applied. The factor that will limit the cumulative 
volume of liquid that can be applied in excess of the field capacity of the waste mass is 

the seepage flowrate from the trenches and the resulting head on the liner system. 

These are evaluated in Appendix B. 

The waste mass can absorb and retain leachate until it reaches its field capacity 
moisture content, which is defined in the following sentences. Field capacity is defined 
as the minimum moisture content that the waste mass can achieve due to gravity 
drainage alone. Conversely, it is the maximum moisture content at which no liquid will 
drain out of the waste under the influence of gravity. It is generally undesirable to 

saturate the waste on a long-term basis because, when the waste mass is saturated, gas 
extraction structures may become nonfunctional due to excess liquid accumulation and 
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application to the waste of 0.055 in./day, and that applying leachate at this rate for the 

four-year period of the program will not even raise the waste to its field capacity. As 
calculated in Appendix B, the rate at which leachatecan be applied using trenches is 5.4 

gallons per linear foot of trench per day (67 L/m'd). As shown in Appendix B, the time 
required for waste influenced by an application trench structure to reach field capacity is 
approximately 7 months~ 

The conclusion of the performance evaluation, presented in Sections 5 and 6 of 

Appendix B, is that leachatecan be recirculated at the averagerate of543 gallons per acre 

of injection area per day (20,000 L/m2'day) without producing a hydraulic .head on the 

liner in excessof 12 in. (300 mm). The number, size, aItdspacing of leachaterecirculation 
structures in service at a given time and the rate at which leachateis injected using these 

structures will be selected in accordance with the criteria pFesenfedin Section 5 and 
" � determined by landfill operations personnelbasedon available landfill area and the actual 

leachatemanagementneedsof the site. In addition, it is recognized tba.toff-site treatment. 
of leachate may be needed and is, therefore, retained as a contingency alternative for 
leachatemanagement. 

..' 

'"",,' 
" ";,' "\.~'; 

-,.~.;?; 

: "c'~~ ", :tt, 

, ":-::'.. '1:;'tt)""1!.t":'~":J:;'t: ' i"" (':"'" 

,..~ ~:' c .:. , "" 

' '., 

" -;, 

MEO050-03/MDOOI17.KGC 11 00.05.30 

It 

".~""..c' 



GeoSyntecConsultants 

5.2 Aoolication Trench Layoyt 

5.2~1 Ovenriew 

In this section, the following topics are addressed: (i) layout criteria; 

(ii) construction details; (iii) liquid application procedures; (iv) monitoring procedures; 
and (v) inspection procedures. 

5.2.2 Layout Criteria 

In order to guide operation of the application trenches in accordance with the 
requirements of the permit, criteria for layout and location of the application structures 
are provided below. The intent of these criteria is to apply leachateinto the waste mass 

without causing leachate outbreaks, spillage, and other potential concerns related to 
leachate management. Injection trenches will be laid out in accordance with the 
following criteria. 

.Trenches will be installed on relatively flat (i.e., less than 15 percent slope) 
areasof the landfill. Trenches will typically be parallel to elevation contours 
to promote uniform distribution of leachate under gravity drainage 
conditions. In areas with less than 2 percent slope, trenches may be placed 

in any direction relative to elevation contours. 

.The perforated pipe in each trench will be installed having a slope between 
0.25 and 0.5 percent to facilitate uniform distribution of leachate under 
gravity drainage conditions. The bottom of the trench may be excavated at a 

slope flatter than the pipe. 

.The spacing betweentrenches will be a maximum of 100 ft (30 m). Spacing 
" may be varied to increase or decrease the injection capacity of subsequent 

phasesbasedon experience with initial phases. 

.A minimum distance of 50 ft (15 m) will be maintained between the top 
landfill side slopes and drainage material in a given trench to eliminate the 

potential for leachateseepsto develop on sideslopes. 
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forcemain or .leachate tanker truck. The coupling will be capped when' not in use. 

Similarly, the monitoring pipes will extend 2 ft (0.6. m) or more above the landfill 
surface and will be fitted with removable end caps to allow access for ~ecking the 

leachate levels at the various trench locations. Each trench standpipe and monitoring 
pipe will be identified and marked in the field. Application standpipes and monitoring 

pipes may be extended upward to enable their continued use after placement of an 
additional layer of waste. 

5.2.4 Liquid Application Procedures 

, -

Liquid will be conveyed to application trenches using one or both of the following 
two methods: (i) transfer from the storag~ tanks to a tanker truck, which will drive onto 
the landfill and discharge directly. into the standpipe of a trench; or (ii) be convey 

through pipes to application trenches di~ectly from leachate eolleciion su~ps or staging 
tanks, which may be used to temporarily hold leachate' immediately prior to being 

-

..discharged to wells or trenches. .one possib.le.lacatlo? for storage tanks is on top of the 
landfill. Leachate would not be injected :during extended periods of wet weath_er. 
Liquid levels in injection structmes witt be monitored to deteih1ine when application is 
practical. ... 

The total liquid storage capacity of the drainage materia;land pipe of eac~ injection 
trench is approximately 27 gallons per linear foot (335 Urn) of trench based on the 
cross section shown on Figure 3. Based on the value of hydraulic conductivity of waste 
used in the HELP analyses, the time required for the designed trench to dewater is 

expected to be ~onthe order of five days at the onset of recirculation and is expected to 
gradually increase with time. The actual percolation rate will be ultimately determined 

..by field conditions. Based on t~ value of hydraulic conductivity of waste used in the 
HELP analyses, each trench should initially be able to drain at a rate of about 

5.4 gallons per linear foot per day (67 L/m'd). Calculations of infiltration times are 

presented in Appendix B. 
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5.3 Ada. '. lication Structures for Use for Gas Extraction 

Liquid application trenches may be modified in the future for use as gas extraction 
structures. Figure 5 presents conceptual designs for modifications to trenches. These 

conceptual designs may be used based on the landfill gas management needs of the 
facility or a need to control odors. Waste Management recognizes the potential for 
using the liquid application system infrastructure to assist with managementof landfill 

.gas, if needed. 

" ., 
£ ,;,. 1,~\.""r!~ " ~ ;. ;~i 
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7. CONCLUSIONS 

This plan has been submitted in response to the requirements of Section I.F.2 of 
Solid Waste Permit Number 586. Upon approval from the VADEQ, USA Waste will 

implement the recirculation program in accordance with revised Section 6.1 

(i.e., "Leachate Control and Monitoring Plan") of the Operations Manual for the KGC 

facility. Section 6.1 is included in Appendix C to this document. USA Waste believes 
that a well-managed leachate recirculation program will provide the benefits of 

enhanced gas generation, accelerated waste stabilization, improved leachate quality, 
reduced duration of time during. which landfill gas is prOduced, and reduced post-
closure maintenance. Leachate recirculation is proposed as a supplementary method of 
managing leachate that will be used in conjunction with direct disposal to a POTW and 
possible leachate evaporati.on,if permitted in the future. As demonstrated in Appendix 
A of this plan, the existing. leachate collection s"yste.mfor the KGC facility is capable of 
managing both leachate frox:n precipitation and IecirculatioIT (according to the 
procedures described in this plan) whilem~intaining compliance with the requirements 

of the Permit. ,:"'. -, ..c-
!~,,:" .c ~~;:"~~.~;'.."-" 

',~i:;,,-;;; '~~- . 

.-.~.. .. 
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APPENDIX A 

Evaluation of Leachate Head on Liner 
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EV ALVA TION OF LEACHATE HEAD ON LINER 

1. OBJECTIVE 

The objective of this evaluation is to estimate the effect of leachate recirculation on the 
hydraulic head on the liner of the King George County Landfill and Recycling Facility (King 

George Facility). State regulations (VR-672-20-10, Section 5.5) require that the hydraulic head 
on a landfill liner be maintained below 12 in. (300 mrn). 

2. METHODOLOGY 

The methodology and input parameter values that were used are identical to ~o~e 
previously used by others to estimate leachate quantities for the King George Facility, as 
presented in Attachment 5-1 of the approved Part B Solid Waste Permit Application (Part B) 
[Rust 1994]. Both the previous and current evaluations were performed using the Hydrologic 
Evaluation of Landfill Performance (HELP) Model, version 3 [USEPA, 1994a,b]. The 

evaluation presented herein incorporates one modification relative to the Part B evaluation, 
which was required to model the effect of leachate recirculation; a constant subsurface inflow 

was addedto the waste. 

3. EVALVATION QF HYDRAULI-C H}!:A~ QN L:INER 

The effect of leachat.erecircul~tion on hydra~lic 'hea.4was e~~~\l~~e9fqr the condition of an 

80-foot thickness ofMSW over a 10-acr-earea. 

The maximum anticipated rate of leachate recirculation was conservatively assumed to be 

8,000,000 gallons/year. This number was based on previous leachate generation rates and 

includes additional water to allow the landfill to function as Ii bioreactor. A portion of this water 

will be consumed during the methanogenesis ,process that turns cellulo$e into carbon dioxide,' 
methane and water vapor. This calculation of water consumption during biodegradation is 

shown below. 

MEOI69/MDOOI17.KGC,CAL 
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-

net inflow = 8,000,000 -2,500,000 = 5,500,000 gallons/year ; 

5,500,000 gallons/year over 10acres= 550,000 gallons/acre/year 

= 550,000 gallons/acre/year x 12 inches/foot x gallon/7.48 W x acre/43560 ft2 " " 

= 20.25 in/year. 

This is accounted for in the HELP analysis by adding a subsurface inflow to layer 2 of 20.25 
inches per year. 

4. RESULTS AND CONCLUSIONS 

The HELP output for this analysis is shown starting on page 4 of this calculation package. 
The peak daily head'on the liner is 0.410 inches. This is less than maximum amount of head of 
12 inches that is allowed on the liner. 

5. REFERENCES 

Leszkiewicz, J.J., and McAulay, P.B., "Municipal Solid Waste Landfill Bioreactor Technology: 
Closure and Postclosure Issues", US Environmental Protection Agency Seminar Publication: 
Landfill Bioreactor Design and Operation, EPA/600/R-95/146, USEPA, Washington, DC, 

September1995. 

USEPA, "The Hydrologic Evaluation of Landfill Performance (HELP) Model, Vol. L Users 
Guidefor Version 3", EPA/530-SW-84-009, US Environmental Protection Agency, Washington, 
DC, June 1994a, 12Op. 

USEPA, "The Hydrologic Evaluation of Landfill Performance (HELP) Model, Vol. IL Users 

Guidefor Version 3", EPA/530-SW-84-010, US Environmental Protection Agency, Washington, 
DC, June 1994b, 120p. 

Rust, "King George County Landfill and Recycling Facility, King George County, Virginia, Part 
B Solid Waste Permit Application ", prepared by Rust Environment and Infrastructure, Bensalem, 

Pennsylvania, Augu,st1994. 
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LIOUID APPLICATION TRENCH CAPACITY 

1. OBJECTIVE 

The objective of this evaluation is to estimate the rate at which liquid will infiltrate into the 
.waste mass from the infiltration trenches at the King George bioreactor program. . 

2. METHODOLOGY 

2.1 Overview 

For the analysesperformed herein, gravity drainage of liquid from the infiltration structures 
was assumed. Liquid in the amount of 7 to 8 million gallons per year would be applied, which 
would consist of leachate plus stormwater. Leachate collected from the active 61-acre disposal 
area would all be recirculated the 1Q-acre bioreactor area. Gravity-drained conditions are 
assumedto exist in the infiltration structures with the exception of the condition when leachate is 
injected through a forcemain and the leachate pumps are operated after the application structures 
are filled; in this case,a pressurized condition will exist. If desired, analysis of the pressurized 
condition could be performed by increasing the value of hydraulic head used in the following 
equations from hydrostatic head to pressure head. However, this would result in a higher 
infiltration capacity. To be conservative, it is assumedthat unpressurized conditions will exist. 

2.2 Annlication Trench Capacity 

Application trench capacity is estimated by considering infiltration from the trench bottom 

and trench sides. 

Infiltration Ratefrom TrenchBottom(qb). 

The infiltration rate from the trench bottom is estimated using the following equation 

[Bouwer, 1978]. 

qb =k(l+~) (1) 

-
~ 
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4 = 75 ft (vertical distance between the liner system and the trenches (Zr will actually 

vary from 0 to 75 ft)) 
B = 3ft 
r = 1.5 ft 

2.4 Analysis Procedure 

Some conservative simplifying assumptions were made before applying the preceding 
equations to the calculation of the capacity of the infiltration structures. Although the hydraulic 
head (h) and depth to wetting front (4) will vary as drainage from a trench progresses,the depth 
to the wetting front was assumed to be constant and only the variation of hydraulic head was 
considered. The depth to wetting front was assumedto be 75 ft (23 m), which is the distance 
from the bottom of a trench to the top of the leachate collection layer. This distance is 
effectively equal to the maximum distance to the wetting front and is representative of long-term 
steady-stateconditions. Therefore, prior to waste saturation (i.e., when 4 reachesits maximum), 
the actual capacity of the liquid application structures is expected to be greater than the 
calculated capacity. The variation in hydraulic head was accounted for by dividing the range of 
hydraulic head that will occur during gravity drainage of structures into discrete intervals and 
calculating an average rate of liquid application for eachhydraulic head interval. 

3. CALCULATIONS 

Convert hydraulic conductivity from units of cm/sto units offt/day: 

k = (2 X 10-4cm/s) (1 ft /30.48 cm) (8.64 x 104s/day) = 0.567 ft/day 

The calculations were performed using the spreadsheetpresentedbelow. 

-
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-~(~ 1"" ,., 
Drain Timefor Interval: (L\h = 0.5 is used for all intervals) ~:;'.i 

..t, = L\h/ (q,)ave=(0.5 ft) / (0.604 ft/day) = 0.83 days 

Total drain time is the sum of drain times for all intervals up to the maximum hydraulic 
head. Note that if the depth to wetting front is increased beyond 20 ft to represent greater 
vertical distance between groups of tren~hes, there is very little change to the calculated drain 
time (the calculated drain time increasesslightly). 

4. INFILTRATION SYSTEM CAPACITY 

Infiltration capacityper unit area/or trenchesspacedevery 50ft: 

Each 50 ft by 50 ft area will contain 50 linear feet of trench. 

Area = 2,500 ft2 Trench length = 50 ft Trench Length!Area = 0.05 ft/ ft2 , 

Liquid storage capacityper linear foot oftrench (refer to Figure 3 of liquid application plan for 
trenchdimensions): 

V = (4 fthigh) (3 ft wide) (1 ft long) (0.3 porosity) (7.48 gal/ft3 ) = 27 gal / l.f. 

From Section3, time to drain is approximately 5 days. 

Infiltration Capacity per l.f. of Trench = (27 gal / l.f.) / (5 days) = 5.4 gal / l.f. / day 

Infiltration Capacityperfr ofInfiltration Area � = (5.4 gal / l.f. / day) (0.05 ft/ ft2 ) 
= 0.27 gal / ft2 / day 

5. PERFORMANCE EVALUATION FOR A TYPICAL GROUP OF TRENCHES 

Based on recent records of leachate generative rates from the facility, a reasonable estimate 
of the average leachate generation rate over the active life of the facility is about 4 million 
gallons per year, or about 10,959 gallons per day, which equals a leachate generation rate of 
about 180 gal/ac/day. Assuming a total quantity of liquid application of 8 million gallons per 
year, the total quantity of liquid applied would be equal to 2,200 gallons per acre per day. This 
simple estimate will be used for the purposes of the following calculation. 

~ 
MEOOSO-3/MDOOI17.APPD .:~ 

"\ .. 



(jEOSYNTE-C~LONSULT ANTS""'" Pagelof2 '""",~,c." 

Written by: T. B. Maier 1M. Houlihan Date: 05/02/00 Reviewed by: !3J2E Date: 05/02/00 

Client: Waste Management. Inc. Project: .King George Landfill Bioreactor Proj./Proposal No.: MEO050 Task No.: -1I 

7. REFERENCES 

Bouwer, H., "Groundwater Hydrology", McGraw Hill, New York, 1978,480 p. 

Donohue, "Part B Permit Application, Maplewood Recycling and Waste Disposal Facility," 
prepared for Chambers Waste Systems of Virginia, Inc., by Donohue & Associates, Inc., 
Sheboygan, Wisconsin, May 1991. 

Meier, W.R., Elnicky, E.J., and Newlin, C.W., "Design ofa Porous Pavementfor Control of 
Highway Runoff', Transportation Research Board 71st Annual Meeting, Paper No. 920208, 

1992,38 p. 

Schroeder, P.R., McEnroe, B.M., Peyton, R.L., and Sjostrom, J.W., "The Hydrologic Evaluation 
ofLandfill Performance (HELP) Model, Vol. III, User's Guidefor Version 2.05," 1988. 

-.-
MEOOSO-3/MDOOI17.APPD ~ 

. 



APPENDIX C 

I Revised Section 6.1 of 

1. Operations Manual 

.. 

-



--

' 

King George County Landfill & Recycling Facility 

Part B Permit Application -Operations Manual 

6. CONTROL AND MONITORING OF LIQUIDS AND GAS 

6.1 LEACHATE CONTROL AND MONITORING PLAN 

The leachate collection system has been designedto ensure that under normal operations, no 

more than 12 inches of leachate will be present above the low point of the liner at any time. It is 
recognized that there may be periods of unusually high rainfall events that could cause the head 

on the liner to exceed 12 inches for a short period (less than 7 days) of time until the leachate 
pumps evacuate the liquid off the liner. Leachate is removed from the cells by submersible 
pumps and transported to above ground holding tanks via a forcemain. The holding tanks are of 

a capacity sufficient to hold 7 days of leachate. Leachate will be discharged from the storage 

tanks to trucks or rail cars for transport to an offsite treatment facility. 

At the time of discharge to the trucks, samples will be taken to be analyzed for parameters 
specified by the treatment facility. Results of these analyses will be forwarded to the treatment 
facility and maintained in the landfill operating records. Furthermore, leachate recirculation will 
be used to manage leachate and decomposition of waste. Leachate recirculation will be 

performed in accordance with the contents of the Department-approved document entitled, 
..Leachate Recirculation Plan for the King George County Landfill and Recycling Facility ", 
prepared by GeoSyntec Consultants, 3 July 1997. It is anticipated that the leachate storage tanks 
will eventually be piped for discharge to a local treatment plant. Under normal operating 
conditions, leachate from MSW and ash cells will be segregated in separate storage tanks 
becauseof potentially different treatment requirements. The ability to pump into and load out 

from either storagetank is provided. 

Back-up leachatestorage pump shall be available at all times. 

,--. rnn' 
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